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PREFACE 
American society has become increasingly concerned with several facets 
of economic and technological development. One element is population 
growth. With higher levels of population being projected for the future, 
particular distributions of industrial, urban and municipal demands for 
water will place rapidly growing pressures on its supply. However, eco-
nomic development not only increases the demand for water but also utilizes 
technologies that produce outputs and byproducts which pollute streams and 
lessen water quality. Agricultural technology is closely related to these 
developmental problems in several ways: First, rapidly growing supply 
capacity based on modern technological inputs has caused farm prices and 
income to be depressed. Remedial measures have been large treasury outlays 
for programs of supply control, land retirement and price supports. Second, 
the modern inputs which cause agriculture to be so productive generate 
outputs which flow into streams as unused insecticides, nitrates, phosphates 
and animal wastes and may cause significant deterioration of water quality 
in particular streams and locations. 
Concurrently with the development of a large food supply capacity and 
increasing public costs to restrain it, greater development of irrigated 
agriculture has occured with both public and private investment. Increased 
use of water in agriculture also has increased food supply capacity as well 
as the amount of public funds required to control production to obtain 
particular price and income goals. For example, general public policies 
for agriculture cause water in the West to be substituted for land in the 
East; then, over the entire nation, farmers are compensated for withdrawing 
land from production. To an extent, the public finances the development 
of irrigation to increase productivity and at the same time pays farmers 
for idling part of it to reduce production. 
Because of this complex set of problems, this study was designed to 
integrate the variables relating to population growth, growing water re-
quirements in nonfarm uses, commercial agricultural policies, public irri-
gation policies, and potentials in environmental improvement through agri-
culture. The study analyzes the potential supply capacity of American 
agriculture when retired land is allowed to return to production and water 
in the 17 Western States is allocated for future nonfarm uses. It also 
evaluates food production potential when certain restraints are placed 
on agricultural inputs which may create certain problems in water pollution 
and environmental quality. It evaluates whether water supplies are large 
enough to meet future nonfarm demand as population grows and industrial 
demands for water increase. It also determines whether supply capacity is 
large enough to meet food demands at reasonable real costs in the year 
2000 if some irrigation water is diverted from agriculture and certain 
restraints are placed on the use of insecticides and fragile lands in agri-
culture. 
This study was initiated through a contract between the National Water 
Commission and the Center for Agricultural and Rural Development, Iowa 
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State University. The authors are particularly indebted to Russell Thompson 
and Theodore Schad of the National Water Commission for their help and 
guidance. The policy model dealing with reduced use of insecticides was 
developed through a cooperative arrangement with Dr. David Pimentel of 
Cornell University. The policy model dealing with withdrawal of fragile 
lands was made cooperatively with Dr. John F. Timmons of Iowa State Univer-
sity and Dr. Sid L. Spahr of the University of Illinois with financial aid 
from the Committee on Agriculture and the Environment of the National 
Academy of Sciences. 
Assisting with the formulation of the programming model, data pro-
cessing and summarization of the results were Craig V. Fulton and 
Dennis L. Thomas. A large number of other persons also contributed greatly 
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I. INTRODUCTION AND BACKGROUND 
This study includes a combined analysis of potentials in commercial 
farm programs, public irrigation policies, land use and certain environmen-
tal restraints. These are interdependent elements of a total national 
policy affecting farm prices and income, treasury costs of attaining supply 
control and farm improvement, land use patterns as determined by supply 
control and environmental protection. 
Over most of the last 40 years, the nation has used land retirement 
programs to reduce supply and bolster farm prices and income. Land re-
tirement distributed over the entire nation has been attained through 
voluntary programs financed from the U.S. Treasury. Recent estimates 
indicate that the total annual costs of these land retirement and supply 
control programs approximate $5 billion (2). During this same period, the 
nation also has continued to invest in public irrigation projects which 
increase the supply capacity of agriculture. As more irrigation is de-
veloped, an increased amount of land must be retired under commercial farm 
programs to maintain farm price and income goals. The public programs 
which develop more irrigated land, on the one hand, and finance land re-
tirement as a supply control means, on the other hand, have two basic 
effects: (1) They cause water in the 17 Western States to be substituted 
for land in the rest of the nation. This substitution results as added 
land is irrigated in the 17 Western States and land is withdrawn from pro-
duction under public subsidy in other regions; (2) The public has a double 
cost in first investing in increased supply capacity through irrigation 
and second in investing in land retirement to reduce supply. 
The outlook for supply capacity of U.S. agriculture and the potential 
amount of water available for irrigation may, however, change with the 
future. Continued population growth, especially in the 17 Western States, 
will greatly increase the demand for water for urban and manufacturing uses. 
Too, increased concern over water quality and pollution of streams through 
modern agricultural technology has encouraged proposals for reduced use 
of inputs such as insecticides, chemical fertilizers and fragile lands. 
Questions thus arise whether future population, food demands, environmental 
considerations and nonfarm uses of water will change the supply capacity 
of American agriculture. 
One possibility would be that the diversion of water from irrigation 
to urban uses and restraints on insecticide and land fertilizer use might 
greatly reduce food supply capacity. If so, can the nation meet its future 
domestic and export demands for food at reasonable real costs? Will the 
supply of water be large enough to meet both the urban and farm require-
ments in the future? Would return to production of land now retired under 
government supply control programs allow the nation to meet future food 
demands with either (a) no further development of irrigated agriculture 
from surface water supplies or (b) some diversion of water from agriculture 
to urban, municipal and manufacturing uses? How would these possibilities 
be altered by reduced use of certain insecticides and fragile landst 
- 2 -
Would diversion of water to nonfarm uses and restriction on use of inputs 
with pollution potential cause food supplies to be extremely limited rela-
tive to demand? Or, would these diversions and restrictions only reduce 
food supplies to a better balance with demand, so that farm prices and 
income can rise with reduced treasury outlays for supply control and income 
supports? 
This study has been made to appraise supply potentials in the year 
2000. It evaluates the nation's needs for land and water in agriculture 
and its food supply potentials under various levels of population, farm 
programs, water prices, agricultural exports, technological advances and 
environmental controls. It also estimates levels of farm prices pro-
jected to prevail under various combinations of these several variables 
affecting the supply of and demand for food. 
Background 
An analysis of water needs and demands must simultaneously consider 
(a) exogenous variables affecting food demand, (b) government programs 
which control supply and increase food exports, (c) technological advance 
and (d) the pricing of water through public investment in irrigation de-
velopments. This study has been organized accordingly. It estimates future 
demands for land and water and projected levels of important variables for 
the year 2000. Exogenous variables projected to these points in time in-
clude population level and distribution, national income and economic 
growths by regions, commercial exports and the total demand for food pro-
duced in the United States. Given these projections, land and water de-
mands for agriculture are then estimated within the context of all agri-
cultural policies considered together. We examine land and water require-
ments and demands and potential food supplies under conditions which allow 
(a) an efficient interregional distribution of agricultural production and 
land use, (b) both trend and accentuated rates of improvement in agricul-
tural technology, (c) various price levels for water used in agriculture, 
(d) alternative supply control programs and (e) certain restraints on 
the use of insecticides and fragile lands. Under one set of conditions, 
the demands for land and water in agriculture are analyzed assuming that 
retirement or supply control programs of the type used in recent years will 
be extended into the future. 
The amount of irrigation water needed for agriculture obviously de-
pends on whether supply control programs are in effect resulting in land 
being withheld from production. Conversely, the amount of land that must 
be withheld from production to attain specified price and income goals 
for farmers depends on the amount of irrigation water used in food pro-
duction, the extent of public investment to increase water supplies to 
farmers and the pricing of water in farm uses. For the past 40 years, the 
government's primary means of improving farm income has been through pro-
grams which restrain food supplies by idling cropland. Direct payments 
and eligibility for nonrecourse commodity loans have encouraged farmers to 
divert land from crop production. At the same time, the public has con-
tinued to invest in water projects and irrigation developments which increase 
- 3 -
the supply of food commodities. Effectively, each increment in food pro-
duction forthcoming from newly irrigated land in the 17 Western States 
has required that cropland in other farming regions be retired from pro-
duction. Hence, over the last 40 years, the public has been engaged in 
two opposite investment programs: one that develops more irrigated land 
and another that reduces domestic marketings by paying farmers for leaving 
land idle and by utilizing publicly assisted food exports and storage pro-
grams. Obviously, then, projections of future agricultural land and water 
use and national food supplies need to be made in the framework of all 
policies relating to agricultural productivity and food supplies. Had the 
public investment in irrigation been smaller over recent decades, the public 
could now invest less in programs to idle land and reduce commodity sup-
plies as a means of increasing farm income. Simultaneously, the use of 
water in agriculture would be lessened. 
Competing water needs 
In addition to a study of overall agricultural policies, including both 
conventional farm programs and investments in irrigation, this analysis is 
directed toward total water needs of the nation. Recent projections in-
dicate that the nation could, under expansion of water use by both the farm 
and nonfarm sectors, face a water shortage at future points in time. The 
demand for water is projected to expand rapidly as further population 
growth and economic development occur in regions of the West. Not only will 
growing demand cause critical competition for water but also important en-
vironmental and water quality problems are posed for the future. Given pro-
jected nonagriculture demands for water in the future, this study has the 
specific purpose of estimating the need or demands for water when irriga-
tion developments are considered an integral part of all agricultural pol-
1c1es. In other words, by how much could future demand for water in agri-
culture be reduced if all idled cropland were returned to production? 
Other major policies that can affect future agricultural water demand in-
clude the prices that are attached to water use, the structure of import 
and export programs for food commodities and investments in enhancing tech-
nologies on nonirrigated land. 
Water quality, community development and other distributive effects 
The development, use and management of water in agriculture has impor-
tant distributive effects relating to both income and environmental quality. 
Restrained supplies of water at one location can cause nonfarm economic 
growth to shift to other locations. Personal incomes are affected accord-
ingly. The low price elasticities of demand for agricultural commodities 
can cause reduced incomes to farmers who produce under rainfed conditions 
while those in newly developed irrigated projects gain as yields increase 
by a greater proportion than prices decline. Hence, the public is faced 
with broad questions in the distributions of incomes and economic oppor-
tunities as it decides whether or not to invest in particular irrigation 
projects. These distribution problems arise not only as the water supply 
increases for one location and groups of users at the potential expense of 
others but also through the .inelastic demand relationships and total market 
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restraints mentioned above. 
The quantities and methods of water use in agriculture also have dis-
tributive effects through water quality. Spatially, the major interrela-
tionships between agricultural water use and environmental problems are 
in regions of rainfed agriculture. However, certain aspects of water use 
and management in irrigated farming also have distributive and environmental 
effects through water quality. 
Irrigation development and other policies affecting farm productivity 
and output have important effects on community development and income dis-
tribution. In communities of newly developed irrigation projects, devel-
opment normally occurs with more intensive farming. The greater yields 
from irrigated farming have multiplicative effects through the nonfarm 
sector of the community as they increase the demand for capital, fertilizer 
and similar inputs. They also give rise to greater volume of farm commodi-
ties to be handled, stored and processed in the community. However, a 
greater output and development in newly irrigated areas has indirect effects 
on other distant communities as it reduces the intensity of farming and the 
amount of land needed for production in these other areas to attain domes-
tic food demand levels. Hence, it also reduces the potential demand for 
nonfarm services and activities in the latter rural areas. 
Of course, an important question of the future revolves around the 
amount of economic development allowed or restrained by water supplies in 
nonagricultural population centers of the Western States. If irrigation 
developments were ceased, more water would be available for industrial 
and urban locations. Hence, the extent of development in urban centers 
and rural communities that compete for water also present complex problems 
of developmental and income distribution. 
Existing Policy Complex 
The public concurrently invests in two types of agricultural policies: 
(1) developmental policies such as irrigation, research, extension educa-
tion and soil conservation practices that increase yields and output and 
(2) compensation policies that attempt to offset this greater productivity 
through supply controls including direct payments to farmers to offset low 
prices resulting from increased output (20). Increases in yields have 
allowed the nation to produce a greater output from fewer acres (Table 1.1). 
Even though total land in crops was reduced by about 53 million acres be-
tween 1949 and 1969, total output increased by about 40 percent. In 
attempts to control output and reduce domestic marketings, cropland retired 
under government programs reached 64.7 million acres in 1962 and averaged 
56.0 million acres over the period 1961-70. Exports under public assistance 
reached a peak in 1965 but averaged about 23 percent of total exports over 
the 1961-70 period (Table 1.2). Aside from farms contained in irrigation 
projects where yields are increased greatly by water added, farmers in 
aggregate can gain in income from developmental policies and improved tech-
nology only if programs exist which restrain supply and support prices. 
Because of low demand elasticities, increases in output that exceed the 
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rate of growth in population and exports will, if turned loose in the mar-
ket, reduce revenue from farm marketings. Since agricultural production 
capacity has grown rapidly under public development policies and new tech-
nologies financed through industry, pressures on the government to support 
or improve farm prices and income have been reflected through supply con-
trol programs that remove part of the agricultural plant from production. 
As more water is used for irrigation, a greater amount of nonirrigated 
land must be idled to attain particular price and income goals. Even some 
irrigated land, after having been developed under public investment, has 
been and continues to be diverted from production through payments for 
keeping it idle. 
Government payments and income in agriculture 
Based on Brandow's figures (2), estimated public costs of programs 
to improve farm income were approximately $5 billion in 1971. Table 1.3 
indicates the amount of land retired under government programs and the di-
rect treasury Pfyments to farmers, mainly for retiring this land, over the 
period 1961-70. (Auxiliary costs of administration and varied price 
support programs are not included and, for example, are approximately $1.5 
billion.) Direct payments to farmers, mainly for purposes of restraining 
or lessening supply, have come to be an important proportion of total net 
farm income. In the absence of public investment in irrigation, aggregate 
output of farm products would have averaged less over the last decade. 
Accordingly, to attain the same level of farm income, the public could 
have spent less on direct payments for supply control purposes. However, 
in addition to the effects of supply control brought about by payments for 
idling land, programs that provide price supports through nonrecourse loans 
and that lessen domestic marketings through publicly assisted food aid and 
export programs also contribute significantly to net farm income. 
Net farm income in 1970 was $15.9 billion and included $3.7 billion 
in direct farm payments, with $3.3 billion of this paid for retirement of 
land under wheat, cotton, feed grain and soil bank programs. Estimates 
indicate that 1970 net income would have been only $9.9 billion under 
short-run conditions and $11.3 billion under long-run conditions in the 
absence of government programs (46, p. 34). 2 Obviously, then, those programs 
that promote a greater supply of farm commodities could have important 
impacts on farm income in the absence of farm programs. Similarly, the 
investment in supply control, direct payment and price support programs 
1About 90 percent of these payments were for land retirement at the 
end of the period. The other approximately 10 percent also relates to 
supply and prices and includes ASCS, Great Plains Conservation, Sugar Act 
and Wool Act payments. 
2short-run conditions refer to the immediate effects if all programs 
were terminated. Long-run effects refer to the conditions expected to 
prevail if all farm programs had been terminated for some time and adjust-
ments were made accordingly in acreage and supply as farmers migrated from 
agriculture and shifted acreage. 
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needed to attain a given income level increases with investments in pro-
grams such as irrigation development which directly increases yield and 
output. 
Other output-increasing technologies such as improved breeds and 
varieties, pest control, and nutrition of plants and animals serve in a 
similar manner with irrigation development and greater water use. The 
various technologies are similar with respect to their effect on aggregate 
output, prices and farm income. (For the same reason, however, for needed 
increases in output to meet population growth and increased exports, 
technologies represented by improved breeds, nutrition, husbandry and pest 
control can serve as substitutes for irrigation water in attaining corres-
ponding national output levels.) 
Substitutability of Technologies and Inputs 
The various capital technologies developed for agriculture serve as 
substitutes for both land and labor. Over the period 1940 to 1970, u.s. 
agriculture added $63.6 billion in nonland capital while output increased 
by 73 percent and the farm labor force fell from 11.0 million to 4.2 mil-
lion workers--a decline of 62 percent. While total crop output increased 
31.6 percent between 1950 and 1970, total crop acreage declined by 41 
million acres during the same period. This decline over 1950-70 in total 
cropland was accompanied by a $37.4 billion increase in nonland capital, 
an increase of 11.3 million acres in irrigated land and a decline of 5.7 
million (58 percent) in farm workers. 
The substututability of capital technology for land and labor is ob-
vious. If new varieties, pest control and fertilizers increase crop yields 
from 60 to 100 bushels per acre, then the substitution potential is this: 
prior to the added technologies, 1,200 bushels could be produced on 20 
acres; after the technologies are added, the same output can be produced on 
12 acres. If an acre with a yield of 60 bushels requires 5 hours of labor 
before the added technologies but requires 6 hours for servicing the larger 
inputs and greater output after the yield-increasing technologies, the 
following labor quantities are involved: to produce 1,200 bushels, 100 
hours before and 72 hours after the added technologies. 
It is technological change of this type that has been important in in-
creasing the productive capacity of U.S. agriculture and allowing a greater 
output to be produced with smaller labor and land inputs. Of course, in 
addition to effects of biological innovations and a smaller crop acreage, 
farm employment also has been reduced by mechanical innovations which are 
direct labor substitutes. These capital technologies used for crops grown 
under rainfed conditions and improved livestock practices also serve as 
substitutes for irrigation water. A given level of output can be attained 
through use of more capital technologies under rainfed conditions and less 
stream or ground water used for irrigation, or vice versa. 
Water for crop irrigation serves similarly in substituting for non-
irrigated land, total cropland and farm labor. Since it greatly increases 
- 10 -
yields, greater farm use of water has large land-substituting effects. For 
example, if corn yields are 20 bushels before and 120 bushels after develop-
ment of irrigated farming, these are the substitution effects: prior to 
irrigation, 1,200 bushels could be produced with 60 acres of land and 300 
hours of labor when per acre labor requirements are five hours. However, 
if per acre labor requirements are eight after irrigation development, the 
1,200 bushels can be produced with 10 acres of land and 80 hours of labor. 
Water and capital technologies also serve as substitutes for each other. 
Typically, water used on newly irrigated land in western locations has, 
through the mechanisms of government programs and supply control, been sub-
stituted for land in other regionso In the above illustration, for example, 
if we suppose 2,400 bushels has been produced by 20 acres of nonirrigated 
land producing 60 bushels per acre plus 60 acres of land producing 20 
bushels per acre, then this substitution is possible: the entire 2,400 
bushels can be produced on 20 acres of newly irrigated land where the yield 
is increased from 60 to 120 bushels. The 60 acres of nonirrigated land 
(producing 20 bushels per acre) then can be displaced (or idled) while pro-
duction remains at 2,400 bushels. 
The substitutability of water and other technical inputs can be illus-
trated more formally through technical examples based on experimental data. 
The water-fertilizer response or production function in Equation 1.1 has 
been estimated for corn on Nunn clay loam in Colorado where G* is pounds 
of corn (grain) per acre, W is irrigation water applied in inches and N is 
pounds of elemental nitrogen applied per acre.3 
c* = 4,579.50 + 549.20W + 10.90N - 29o96W2 - 0.03N2 + 0.06WN (1.1) 
From this response function, it is possible to derive a "substitution 
(yield isoquant) equation" between water and nitrogen by representing quan-
tity of water "required" as a function of the yield levels. 
w 2 * 2 0.15 + Oo00107N - [(9ol5 + 0.00107N) - 2o00G + 0.06186N 
- Ool8260N - 76.43]" 5 (1.2) 
Using Equation 1.2, combinations of irrigation water (inches applied per 
acre) and nitrogen (pounds per acre) which will produce two yield levels 
have been derived in Table 1.4. As expected, a declining marginal rate of 
substitution of nitrogen for water is indicated and vice versa. Clearly, 
water is a substitute for fertilizer in attaining a given output level and 
vice versa. 
The substitutability of water for land also can be illustrated from 
the response function in Equation 1.1. To illustrate the effects for water 
3These data result from a set of studies conducted cooperatively by the 
Center for Agricultural and Rural Development of Iowa State University, 
the Bureau of Reclamation of the UoSo Department of Interior and Colorado 
State University. For details on experimental design and statistical 
analysis, see (39). 
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Table 1.4. Yield isoquants for nitrogen fertilizlr and irrigation water 
applied to corn, 100 and 130 bushels. 
Pounds N Inches water 
per acre applied per acre 
100 bushel yield 
0 2.10 
50 1.06 
100 0.44 
150 0.16 
200 0.16 
130 bushel yield 
0 6.74 
50 5.98 
100 4.60 
150 4.04 
200 4.01 
1 Source: Derived from Equation 1.2. 
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alone, first set the level of nitrogen fertilizer at 100 pounds per acre. 
Next, since Equation 1.1 refers to per acre rates, multiply the right-hand 
side of the equation by A (acres). The resulting Equation 1.3 expresses 
grain production as a function of irrigation water and acreage (fertilized 
at 100 pounds per acre). For this land and year, yield alone for an acre 
2 -1 G = 5,369.50A + 555.20W - 29.962W A (1.3) 
fertilized at 100 pounds of nitrogen is high. Hence, the marginal rates 
of substitution of land for water (and vice versa) are lower than normally 
would be the case for land of low rainfall. However, the equation ex-
pressing the marginal rate of substitution of applied irrigation water for 
the Nunn clay loam to which it is applied becomes: 
59.92W - 555.20 (1.4) 
These relationships, although restricted to a specific soil type, capi-
tal input, year and crop, indicate the direct nature of substitution possi-
bilities between water and other resources. Actually, the rates of substi-
tution will be even larger if we compare (a) the combined inputs of water 
and capital technologies on newly irrigated land as replacement resources 
for (b) nonirrigated land and complementary inputs on other land at the 
same or a different location. However, the formal relations indicated 
above systematically illustrate that society does have technical substitu-
tion possibilities in capital technologies for both land and irrigation 
water (and vice versa) in meeting food demand. 
Development, Distribution and Output 
of Irrigated Agriculture 
Expanded use of water in agriculture has come from both private and 
public investment. Total U.S. irrigated acreage increased from 14.6 million 
acres in 1929 to 25.8 million acres in 1949 and 43.3 million acres in 1969 
(187,Neg. ERS 7061-69 (9)). While the increase over the period 1949-69 
is considerably greater than that for 1929-49, the rate of increase evidently 
has been fairly steady at somewhat more than 800,000 acres per annum since 
1949. The Economic Research Service estimates that 20 percent of the total 
value of crops produced in the United States comes from irrigated land (62)" 
In 1959, the most recent census year for which published data are available, 
92.5 percent of the irrigated land was in the 17 Western States (Figure 1.1). 
Data from the 1959 Census of Agriculture (Figure 1.2) show that of a total 
of 30.5 million irrigated acres in these 17 states, only 6.6 million were 
under federal projects while 23.9 million were non-federal (districts, 
individual farm, etc.). Non-federal developments dominate in acreage for 
water from both natural flows and ground water. Acreage under federal pro-
jects represents the majority source for land irrigated from storage sources 
(Figure 1.3). Figure 1.4 shows the distribution of irrigation water from 
TOTAL 
33,162,978 
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Figure 1.1. Acreage of irrigated land in farms, 1959. Source: (185). 
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Figure 1.2. Irrigation development in the 17 Western States, 1899-1959. 
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Figure 1.3. Source of water in irrigation development in 17 Western States, 
1899-1959. Source: (210) 
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Figure 1.4. Percentage distribution of total irrigated area by source of 
water, 17 Western States, 1959. Source: (185). 
- 17 -
ground water and surface sources for the 17 Western States. In recent 
years: the dominant increase in irrigated acreage has been from private 
investment of farmers in pump irrigation from ground water sources (Figure 
1.3). Land irrigated from federal storage projects increased by 131 per-
cent from 1939 to 1959. However, the acreage irrigated from ground water 
supplies, which are almost entirely developed and financed by individual 
farmers, increased by about 306 percent and dominated increased water use 
and additional land irrigated during the period. Irrigation from flowing 
water, under both federal and non-federal development, has been nearly 
static since 1919. 
As Figure 1.5 indicates, irrigated acreage bears the highest propor-
tion to total crop acreage in the 17 Western States. Because water is the 
main limiting resource in crop production, the proportion of the value of 
the crops produced on irrigated land in the 17 Western States is much 
greater than the proportion of the total crop acreage grown under irrigation. 
However, pasture and hay dominate all other crops in the use of irrigated 
land even in these states (Figure 1.6). 
Irrigated farming and agricultural policy 
·For those unacquainted with the data, a belief prevails that the dom-
inant source of investment and the large increment in investment in recent 
decades has been by the public through the Bureau of Reclamation (Figure 
1.2). This is not true, however, since only 609,471 acres were added 
through public development while 6,449,313 acres were added through private 
development between 1939 and 1959 (181, 185). The respective amounts be-
tween 1919 and 1959 were 4,920,086 and 7,225,143. Hence, far more of the 
large increment in output due to higher yields on irrigated land is attri-
butable to private investment than to public investment. To an extent, 
individual farmers who invest in tapping ground water supplies to produce 
higher yields and increase output are not unlike farmers elsewhere in the 
nation who invest in more fertilizer to boost yields and supply. Both in-
vest in a category of inputs which is profitable to them because of yield 
increments under favorable costs and prices. True, further investment in 
water supplies and distribution by irrigation farmers has been profitable 
because prices have been supported through the various federal programs. 
Too, some public subsidy has gone into the development of private irriga-
tion systems by means of technical help by technicians of SCS and cost-
sharing-under ASCS payments. Other farmers of the nation, however, have 
received exactly these same public benefits for the crops they produce 
and the inputs they emphasize. Farmers in the Corn Belt and Southeast, 
for example, use more fertilizer inputs because they are highly profitable 
under the price levels maintained by federal programs. SCS technicians 
have helped them attain higher yields through plans for drainage and for 
moisture conservation and greater soil productivity by means of contouring, 
terracing and other mechanical practices. Similarly, these and other yield-
increasing practices and inputs have been extended over the Corn Belt, 
Southeast and agriculture generally through cost-sharing ASCS payments. 
Irrigation farming is not unique in the extent that its output has been 
furthered by favorable prices of outputs and inputs of federal programs. 
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IRRIGATED ACREAGE OF SPECIFIED CROPS AND PASTURE IN THE 
17 WESTERN STATES AND LOUISIANA: 1959 
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Figure 1.6. Irrigated acreage of specified crops and pasture in the 17 
~}estern States and Louisiana, 1959. Source: (185). 
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The problem of prices and returns imputable to large supplies of agri-
cultural products and highly inelastic demands for foods is not caused by 
farmers who invest in irrigation systems any more than it is caused by 
farmers who invest in other practices and inputs because it is profitable 
to them. The basic problem of all farmers, those depending on rainfall 
and (or) irrigation water, is the competitive structure of the market for 
farm products. Under these market conditions, it is profitable for the 
individual farmer, before the masses have done so, to invest in water, new 
varieties, more fertilizer and in other practices. However, when the masses 
of farmers follow a similar development, as they eventually do, the aggre-
gative effect is a decline in total market revenue due to the inelastic 
demand for food. It has been the objective of federal programs to control 
or reduce supply to offset this aggregative effect when the mass of farmers 
use output-increasing practices and resources more rapidly than demand 
allows their absorption at favorable prices in the market. The need for 
such programs must be attributed to the actions of farmers who produce un-
der rainfed conditions as much or more than to those who employ irrigation 
water. The latter account for only 20 percent of the total value of crops 
produced and emphasize fruits and vegetables which generally have higher 
price elasticities of demand than commodities such as pork, feed grains 
and wheat. 
Hence, the important questions of water use are not those of needs 
and expenditures related to agricultural supply and pricing policy alone. 
Rather, the questions of future water use are those of allocations of this 
resource among the most urgent and highly productive alternatives as the 
nation's population and economic activity grow. The basic question analyzed 
in this study is: Can the United States meet future food demands without 
unreasonable real costs of food to consumers--considering the total natural 
resources available to agriculture, the prevalence of farm policies that 
have immobilized around 56 million acres of cropland and the potential 
need to reallocate some water from agriculture to municipal and industrial 
uses? 
Institution rights, pricing and compensation 
The allocation of water among competing crop and locational uses of 
agriculture is based, of course, upon a complex and deeply imbedded system 
of historical and legal rights. The distribution of water rights and· uses 
among crop and locational alternatives generally bears little relationship 
to the marginal productivity of water in either physical or value terms. 
Hence, if required, it is possible that given water supplies could be al-
located among crops and locations to allow (a) the same waters to produce 
a greater output or (b) the same output from a smaller amount of water. 
The lack of effective market and pricing mechanisms and the institutionali-
zation of water rights prevents reallocation of water in terms of its 
marginal productivity to allow either of these accomplishments. It is 
possible, however, that a pricing structure and compensation methods can 
be established for both water and water rights to encourage these realloca-
tions and benefit both producers acquiring larger water supplies and those 
releasing or selling water rights and supplies. These possibilities are 
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outlined in later sections. The output from models such as the one applied 
in this study provides a quantitative basis (or set of imputed values) 
for examining such pricing structures. 
Previous Studies of Water Supply-Demand Balances 
A number of studies have been made of current and future demands for 
water. The Water Resources Policy Commission, appointed in 1950, made rec-
commendations for a comprehensive policy of water resources development. 
In its report, A water Policy for the American People, the Commission stated 
that midway through the twentieth century two facets became compellingly 
clear (209, p. 2): 
The first is that water is limited in relation to the many and 
varied needs for its use. These needs will grow in size and com-
plexity as the population grows and as industry develops. The 
second ••• is that the management, conservation, and use of our re-
sources is inextricably bound up with the management, conservation, 
and use of our land and that both are essential to our expansion 
as a Nation. 
The Commission also recognized the interregional relationships between 
land and water use (209, p. 6): 
Irrigation and drainage, navigation and flood control, the main-
tenance of underground water levels, the control of stream pollu-
tion resulting from human, animal and industrial wastes, the 
generation of electric power, the protection of salmon and other 
fish resources, the provision of ample domestic water supply -
all these purposes have legitimate claims within any one basin; 
but if one is developed without regard for its effect on the 
othe!s, conflicts and losses will result. 
A Presidential Advisory Committee on Water Resources Policy was ap-
pointed in 1954. In its report, Water Resources Policy, the Committee 
stated the need for a sound water policy (63, p. XI). 
A sound water policy ••• must look toward an adequate supply of 
water for our people, prevent waste, reduce water pollution to its 
lowest practicable level, provide means for the best and most 
effective distribution of water, improve navigation, and take steps 
to check the destructive forces of water which destroy land, pro-
perty and life. There are many different problems in different 
areas. It is neither practicable nor desirable to have only 
Federal responsibility. There is no single 'national' water 
problem. 
The Committee made a number of recommendations on water rights, 
priorities for use of water, evaluation of water projects, authorization 
of water resources projects and cost sharing arrangements. 
- 22 -
The U.S. Senate Select Committee on National Water Resources was es-
tablished in 1959. The Chairman of the Committee was Senator Kerr and the 
Committee's report is commonly known as the Kerr Report. In its summary 
report, the Select Committee concludes (212, p. 15): 
••• the task confronting the Nation in the water field is one of 
meeting the growing demands on water resources in the most effi-
cient manner consistent with accepted public aims. 
The Select Committee recognized that if demands such as waste dilution, ir-
rigation, outdoor recreation, and fish and wildlife conservation are to be 
met, the first and most important step toward getting the job done is 
(212, p. 2): 
••• development of increased public awareness and understanding 
of the Nation's water resources problems; of their effects on the 
Nation's economy; and of possible ways of solving them. 
Facilitating this step was one of the primary objectives of the Select 
Committee on National Water Resources. 
As a direct result of the Select Committee's recommendations, a Water 
Resources Planning Act (S.2246) was proposed in 1961 by President Kennedy 
(11, p. 160). During the following years a number of changes were made in 
the proposed bill, and the bill was not enacted until 1965 as the Water 
Resources Planning Act (PL 89-90). The bill consisted of three major pro-
visions (11, p. 160): (1) establishment of the Water Resources Council, 
(2) establishment of River Basin Commissions and (3) grants to states for 
water resource planning and for pursuit of an active role in the comprehen-
sive planning program of the Federal government. One of the first tasks 
of the Water Resources Council was to make an assessment of the nation's 
water resources. The Nation's Water Resources was completed and submitted 
to Congress in November of 1968. The report describes the nation's water 
and related land resources and their use and management problems. 
Projections were made of water and related land use for 1980, 2000 
and 2020. Water supplies and projected water withdrawals and consumptive 
uses were obtained for 19 river basins in the conterminous United States. 
In its findings, the Council does not report any basins as being water 
deficient by 2020. There are a number of basins, however, particularly 
the Upper Colorado and Lower Colorado river basins, where the consumptive 
use is more than 70 percent of the total available supply by 2020 (216, 
Figure 1-21). 
In a more recent study, Wollman and Bonem calculated the total required 
flows (consumption) plus waste dilution and water available in 1960 and 
2000 for 15 river basins in the United States (223, Table 82). Their re-
sults are summarized in Table 1.5. Although the Water Resources Council 
did not report any water deficit areas for either 2000 or 2020, Wollman 
and Bonem project water deficits in four river basins for 2000. The 
river basins are the Texas-Gulf, Rio Grande, Colorado and Great Basin. 
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According to their study, the last three river basins also had a water 
deficit in 1960 along with the Lower Mississippi and California-South 
Pacific basins. 
In summary, research and work on water over the past two decades have 
stressed the importance of a corrdinated land and water use policy deter-
mined on an interregional basis with emphasis in the most recent studies 
on the future water demand-supply situation. 
In 1965 agriculture (irrigation and livestock water requirements) used 
92.5 percent of all the water consumed in the 17 Western States and 85.3 
percent of all the water used in the nation. For 2000, the Water Resources 
Council estimates that agriculture will use 82.2 percent and 72.6 percent, 
respectively (216, Tables 7-3-5 and 7-3-9). Since agriculture is and will 
continue to be the largest user of water, a study of future water require-
ments in agriculture is of primary importance, especially if a reallocation 
of water among alternative uses becomes necessary in the future. A study 
of future water needs in agriculture is also needed in light of recent 
presentations to Congress of broad proposals for water developments in the 
Western States (54, p. 1). The study should include an interregional 
analysis and consider both land and water use alternatives. 
Objectives of the Quantitative Analysis 
This study includes the application of a large-scale mathematical pro-
gramming model to estimate demand or need for land and water used in agri-
culture. Projections are made for the year 2000. The analysis is made in 
the context of water needs and irrigation development as an integral part of 
overall land use, agricultural and food policy. We are concerned with the 
efficient use of water and agricultural resources generally when policy 
alternatives are used both for commercial farming and irrigated agriculture. 
Hence, we examine the demand for water in irrigation should current types of 
supply control programs be eliminated and all land currently retired be re-
turned to production. We also examine the potential of meeting future food 
demands under alternative rates of population growth, economic development 
and farm exports under both (a) the absence of farm programs of current 
types and (b) the continuation of these programs. In the case where other 
restraints on agricultural supply are removed, the analysis suggests the 
amount of land which might be diverted from irrigation and, hence, the 
amount of water that might be made available to meet future nonfarm demands. 
Since water and other improved farm technologies can serve as substitutes 
for each other in attaining a given food output, examination is made of 
total acreage and irrigated production needed if the rate of technological 
advance in agriculture is accentuated beyond trend levels by public or other 
means. For these purposes, accentuated rates of technological advances for 
(a) crop production in the Southeast and (b) feed conversion rates for all 
U.S. livestock production are introduced into the programming model. Ex-
amination is made of the potential effects of alternative pricing policies 
for water on agricultural output and future water requirements. Finally, 
supply potentials are examined under conditions wherein restraints on the 
- 25 -
use of insecticides and fragile lands might be exercized. 
In general, the study is an analysis of the interregional distribution 
of agricultural production, land use and farm water demand or requirements 
under alternative futures with respect to commercial agricultural policy, 
technological advance, export levels of farm products, magnitude of the 
U.S. population and the pricing and public investment policies for agri-
cultural water uses. 
Commodities included in the analysis are corn, sorghum, wheat, barley, 
oats, soybeans, cotton, sugar beets, hay, pasture, fruits, nuts, rice, 
vegetables, milk, pork, beef, broilers, turkeys, eggs and lamb and mutton. 
All projections are for the year 2000. 
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II. BASIC MODEL USED IN THE ANALYSIS 
The quantitative analysis has been made by means of a mathematical pro-
gramming model. Since time limits did not allow incorporation of demand 
functions and formulation of a nonlinear objective function, the program-
ming model is of purely linear construction. The linear model includes 
5,426 real variables or activities and 3,220 equations including 1,650 
limits or bounds on individual activities. The activities include those 
for crop production, livestock production, water distribution, commodity 
transformation, final domestic demands, net export demands, and commodity 
transportation.! Bounds on specific activities serve as restraints on land 
available for wild hay and pasture, domestic and net export demands and 
regional concentration of production. Other restraints are provided by 
equations for land, crop and livestock commodities, water, and certain inter-
mediate products. The construction of the programming model is given in 
greater detail below. 
Regions and Their Delineation 
This programming model of interregional competition determines the 
location of crop and livestock production and water use, given resource 
availability and commodity demands in the year 2000. To reflect the inter-
regional nature of the analysis, the United States was partitioned into 
sets of areas and regions appropriate for various restraints and demands. 
Producing areas (PA) 
Producing areas are delineated such that (a) a single activity can be 
legitimately defined to represent production of a crop in that area and 
(b) the set of producing areas can be used as the elements of sets of mar-
ket and water supply regions. The United States is partitioned into 223 
producing areas, each of which is an aggregation of contiguous counties 
(Figure 2.1). The producing areas are composed of subsets of the counties 
wit.hin water resources subregions defined by the Water Resources Council 
(218). 
Water supply regions (WSR) 
Since the supplies and uses of water are basic to the programming model, 
water supply regions are defined such that each approximately represents a 
physical region in which a water supply can be said to exist. In the 
western states, 51 water supply regions were constructed (Figure 2.2). Each 
is an aggregate of contiguous producing areas and is wholly contained with-
in one of the river basins shown in Figure 4.1. The water supply regions 
closely approximate those defined by the Water Resources Council (216). 
1A set of land retirement activities was defined for certain solutions 
as described in a later section. 
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Consuming regions (CR) 
Consuming regions are defined to represent regions in which a market 
can be said to exist. Based on "central place" theory, 27 consuming re-
gions are delineated around major United States metropolitan areas and/or 
transportation centers. Each region is an aggregate of contiguous pro-
ducing areas (Figure 2.3). 
Activities 
Over 5,000 activities are employed to represent production, purchase, 
transformation, transportation, and consumption of agricultural resources 
and intermediate and final products. Each activity level is allowed to 
vary such that L. :§ X. :§ B.. T.Jhere X. is the level of the ith activity, L. 
1 1 1 1 1 
is the minimum level of X. allowed and B. is the maximum level of X. 
1 1 1 
allowed, i.e., L. is the lower bound and B. is the upper bound on the ith 
1 1 
activity. Generally, Li is set at 0 and Bi is set at +co,but under certain 
circumstances Li and(or) Bi is set at a specified finite real number as described 
below. 
Final demand 
1. A "population and industry" activity is defined for each of the 
223 producing areas and, for each, L. is set at the projected level of pop-
ulation of that PA. Coefficients ar~ entered into the programming model 
for each such activity so that the following co~odity and water supplies 
are depleted: 
(a) beef, pork, and milk products based on demand relations; 
(b) water (when the PA is in the WSR) based on quantities of water 
consumed for municipal, industrial, recreational and thermal 
electric power purposes; 
(c) corn and sorghum, oats and barley, and wheat based on quantities 
used for milling, brewing, etc; and 
(d) cotton lint and sugar beets based on quantities used for all 
purposes. 
All coefficients in these activities are on a per capita basis. 
2. One activity is defined for the national production of each of (a) 
broilers, (b) turkeys, (c) sheep and lambs, (d) eggs and (e) other animals 
such as horses and mules. The level of each activity is bounded so that L. 
1 
is equal to the national demand. Coefficients are defined to deplete the 
supplies of water, corn and sorghum, oats and barley, wheat, hay and oil-
meals. 
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3. An activity is defined for the production of fruits, nuts, rice and 
vegetables and another is defined for onsight water uses in each water sup-
ply region. The level of each of these activities is bounded so that L. is 
equal to the estimated water consumed by each kind of activity in the a~pro­
priate region. One coefficient is defined for each so that the water sup-
plies in the regions are depleted by the amount of the activities. 
4. One water export activity is defined for 
national export is made. Each is bounded so that 
requirement for export of water. One coefficient 
water supplies in those regions accordingly. 
each WSR from which inter-
L. is equal to the legal 
l. 
is defined to deplete the 
5. One national net export activity is defined for each of corn and 
sorghum, oats and barley, wheat, oilmeals, beef, pork, milk products and 
cotton lint. The level of each is set at the assumed net export level 
(always positive). Coefficients in each of these activities are defined 
to change the regional supplies of commodities--negative for exports and 
positive for imports. 
Production 
Production of the commodities demanded is determined as follows: 
1. Crop production activities are defined for each producing area. 
To reflect agronomic or institutional constraints the B.'s are set at finite 
levels in some cases (e.g., one-half the total cropland1 in the case of soy-
beans). Since wild hay and pasture activities are not constrained by avail-
able cropland or hayland, B. is equal to the land historically available 
for each of these activitie~. In the West, both dryland and irrigated 
activities are defined, and the programming model can choose between them 
during optimization. Coefficients are defined to indicate the use of land, 
consumptton of water and the yield of the crop activities (Table 2.1). 
2. Livestock production activities are defined for each producing 
area. For dairy and beef cow production, B. is set at infinity while for 
beef feeding and pork production B. is set ~t a finite level to represent 
institutional and(or) physical limits of geographic concentration of these 
activities. Coefficients are defined to indicate the use of feed nutrients, 
consumption of water, and the outputs of each activity (Table 2.2). 
The protein, TDN and roughage requirements for each of the four kinds 
of livestock are separated to prevent nutrient-sharing. To accomplish this, 
activities are defined by consuming region for each kind of livestock that 
transform commodities into nutrients; e.g., the "transfer of hay for beef 
cows 11 activity depletes the regional supply of hay and augments the regional 
supplies of ''beef cow protein", "beef cow TDN" and ''beef cow roughage". 
Water purchase and transfer 
1. For each WSR, one activity is defined to simulate the purchase of 
water. The level of each activity is bounded so that B. is equal to the 
l. 
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Table 2.1 Summary and structure of the crop production activities included 
in the programming model. 
1 Activity 
Corn - oats 
Barley 
Sorghum 
Wheat 
Sugar beets 
Cotton 
Soybeans 
4 Tame Hay 
Wild hay 
6 Pasture on farms 
7 Other pasture 
2 Land used 
cropland 
cropland 
cropland 
cropland 
cropland 
cropland 
cropland 
cropland 
or 5 
hay land 
3 Commodities produced 
corn grain, oats, corn silage 
barley 
sorghum grain, sorghum silage 
wheat 
sugar beets 
cotton lint, oilmeals 
oilmeals 
hay 
hay 
hay 
hay 
1 For the producing areas in the West, both dryland and irrigated activi-
ties are defined for each crop (except "other pasture" which is dryland only). 
2Irrigated activities use irrigated cropland and water. 
3All activities except cotton also produce aftermath pasture which adds 
to the supply of hay. 
4 Tame hay includes alfalfa and alfalfa mixtures, clover and timothy, 
lespedeza, small grains for hay and other hay. 
5 Irrigated tame hay uses either irrigated cropland or irrigated hayland 
and water. 
6 Includes cropland pasture and improved permanent pasture. 
7 Includes unimproved permanent and woodland pastures and public grazing 
lands. 
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Table 2.2. Summary and structure of the livestock production activities 
included in the programming model. 
Activity Supplies depleted Commodities produced 
Beef cows protein for beef cows beef and veal 
TDN II II II feeders 
roughage 11 II II 
water 
Beef feeding protein for beef feeding beef 
TDN II II II 
roughage 11 II II 
water 
feeders 
Dairy protein for dairy beef and veal 
TDN II II feeders 
roughage 11 II milk 
water 
Hogs protein for hogs pork 
TDN II II 
roughage 11 II 
water 
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quantity of net surface runoff available in the WSR. A coefficient is de-
fined to augment the usable water supply in the WSR. 
2. Activities are defined for the flow of water between pairs of 
water supply regions. These flows represent both natural and man-made 
water transfers. The activity levels are bounded so that B. represents the 
capacity of the system, river or stream, to carry water bet~een the regions. 
Transportation 
Transportation activities are defined to permit specialization of pro-
duction by geographic advantage and to account for the associated cost of 
transportation. Transportation is allowed between each pair2 of adjacent 
consuming regions for each of eight commodities.3 For each activity a pos-
itive coefficient is defined to represent augmentation of the commodity 
supply in the importing region, and a negative coefficient is defined to 
represent depletion of the commodity in the exporting region. 
Restraints 
In addition to the activity bounds already described, two general 
kinds of restraint equations are employed. First, land restraint equations 
allocate available land supplies among competing uses. The general form 
of the land restraint for the kth PA is 
2: X. 
i ~ 
a. s R. 
~m -K 
k 
m 
1, ••. , 223 
f(k) 
where Rk is the land available in the kth PA; 
(2 .1) 
a. is the element of a matrix of coefficients whose rows correspond 
~m to the restraint equations and whose columns correspond to the 
activities; 
i is the index of all activities, i = 1, ••• , 5426; and 
m f(k) indicates that the equation index (m) is a function (un-
specified in this discussion) of k. 
Second, commodity equations assure that water, intermediate products 
and final products are produced as they are used. The general equation 
for the vth product type in the nth CR (n = 0 for nationally defined re-
straints) is 
2: X. 
i ~ 
a. 
~m 
~ 0 n 
m 
0, ••. ,27 
f (v, n) (2. 2) 
2Additional activities are defined for certain well-established long-
haul routeso 
3The eight commodities are wheat, corn and sorghum, oats and barley, 
oilmeals, milk, beef, pork and feederso 
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where the sign of the inequality is specific to the restraint as described 
below. 
In the following discussions of the restraints, detailed algebraic forms 
are given. The symbolism and indexes used in the algebraic forms are found 
in Tables 2o3, 2.4 and 2.5. 
Land restraints 
Land equations of four types are defined by producing area: (1) total 
cropland and hayland, (2) cropland, a subset of total land; (3) irrigated 
total land, a subset of total land and (4) irrigated cropland, a subset of 
both cropland and irrigated total land. 
1. Total land -- The equation for the kth PA is 
7 
a:l (PDACak + PRACak +PDT~ + PRT~) ~ RLTTk (2.3) 
where RLTTk is the total land available in the kth PA. The restraint is 
that the land used by the annual crops4 and tame hay5 in the kth PA must 
not be greater than the total land available in the PA. 
2o Cropland •- The equation for the kth PA is 
7 
~ (PDACak + PRACak) ~ RLCTk (2.4) 
a=l 
where RLCTk is the cropland available in the kth PA. The restraint is that 
the land used by the annual crops must not be greater than the cropland 
available. 
3. Irrigated total land -- The equation for the kth PA is 
7 
~ (PRACak + PRT~) $ RLTRk PAk eWSRj, j f 0 
a=l 
4rhe annual crops are corn grain, corn silage, grain sorghum, sorghum 
silage, oats, barley, wheat, soybeans, cotton and sugar beets. 
5 Tame hay includes alfalfa and alfalfa mixtures, clover and timothy, 
lespedeza, small grains for hay and other hay. 
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Table 2.5. Indexes for all activities and restraints included in the pro• 
gramming model. 
Index 
value Ol \) 
1 wheat corn wheat milling beef cows 
2 corn-oats barley corn milling beef feeding 
3 sorghum oilmeals barley milling dairy 
4 barley wheat broiler prod. hogs 
5 soybeans hay turkey prod. 
6 cotton silage sheep prod. 
7 sugar beets beef other animals 
8 milk oilmeals 
9 feeders egg prod. 
10 pork 
ll cotton lint 
12 sugar beets 
protein 
TDN 
roughage 
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where RLT~ is the irrigated total land available in the kth PA. The 
restraint is that the irrigated land used by the irrigated annual crops 
and tame hay must not be greater than the irrigated annual crops and tame 
hay must not be greater than the irrigated total land available. This 
equation is only defined for PA 1 s that are within a WSR. 
4. Irrigated cropland 
7 
E PRAC~k ~ RLCRk 
a=l 
The equation for the kth PA is 
(2 .6) 
where RLC~ is the irrigated cropland available in the kth PA. The restraint 
is that the irrigated cropland used by the irrigated annual crops must not 
be greater than the irrigated cropland available. 
Water 
One water restraint is defined for each WSR so that for WSR. ] 
WRBY. + E WRTRj 1 • -51 [ ] jl=l ] 
- WREX - WRFV. - WROTj 
.1 ] 
WRTR .. 1 ]] + WRIB. I • - WRIB .. J ] ] ] ] 
+ E [~ (PRAC~k) (am)+ (PRT~) (am)+ (PRWHk) (am)+ 
ke.r ~-1 
+ E (EUPik) (am) ~ 0 
kej 
(2.7) 
Note that e.g., (EUBR) (a) is the product of the activity level EUBR and 
m 
the coe·fficient defined for that activity in the restraint (m) being dis-
cussed. The restraint is that the amount of water supplied through surface 
runoff and transfer from other WSR 1 s must at least equal the consumption 
by irrigated crop production, livestock production, M&I, exports from the 
WSR and onsight uses. 
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Crop commoditX restraints 
Crop commodity restraints are defined for each of 8 commodities. For 
sugar beets and cotton lint the restraints are national, while for the other 
six commodities the restraints are by consuming region. 
+ 
+ 
1. The restraint for the ~th commodity in the nth CR is given by 
7 
(PDACak) (am) + t (PRACak) (am) + (PDTHk) (am) 
a=l 
(PRT~) (am) + (PDWHk) (a ) + m (PRW~) (a ) + (PDPNk) (a ) m m 
(am) J 4 (PDPFk) (am) + (PRPFk) - t TRF~'Jn + (EXPT~) (am) 
'J=l 
' 
9 
+ t (EUPlk) (a ) + t (EUSEY) (a ) 
ken m Y=l m 
+ t 'SHPTQ I 51 [ 
n'=l, tJn n 
~=1, ••. ,6 
n = 1, •.• ,27 
(2.8) 
The restriction is that the availability of the commodity in the nth CR 
must at least equal the quantity used in livestock feed, milling and 
brewing, plus net export from the CR. 
2. The national restraint for sugar beets is given by 
and the national restraint for cotton is given by 
(2.9) 
(am) + (EXCT) (am~ ~ 0 
(2 .lO)J 
In each case the restraint is that production must equal or exceed use. 
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Livestock commodity restraints 
Livestock commodity restraints are defined in each consuming region 
for each of the four commodities (~ = 7, 8, 9, 10). The restraint for the 
~th commodity in the nth CR is given by 
27 
+ L: 
n'=l 
[~~l (ANPD~k) (am) + (EUPik) 
[ SHPT~ n, n - SHPT~nn, J ;,; 0 (2.11) 
The restriction is that the production of the commodity must equal or ex-
ceed the sum of the use as an intermediate product (feeders only), con-
sumption, and net export from the region. 
Nutrient restraints 
One restraint is defined for each type of nutrient used by each type 
of livestock activity by consuming region. 
1. The TDN restraint for the vth livestock type in the nth CR is 
given by 
6 
L: (TRFA~vn) (am) + L: (ANPDVk) (am) ~ 0 
~=1 ken 
(2. 12) 
and requires that the nutrients may be used only in the amounts produced 
by the transformation activities. 
2. The protein restraint for the vth livestock type in the nth CR 
is given by 
6 
L: (TRFA~vn) (am) + L: (ANPDvk) (am) ~ 0 
~=1 ken 
(2 .13) 
which is the same form as the TDN restraint. 
3. The roughage restraint for beef cows is of the same form as the 
TDN and protein restraints. However, the roughage restraints for the other 
livestock types is 
6 
L: (TRFAQvn) (am) + L: (ANPDVk) (am) ~ 0 
~=1 ~ ken 
(2. 14) 
- 43 -
The significance of the change in sign of the inequality is that we re-
strict the amount of roughage the livestock are allowed (or are physio-
logically able) to consume. 
The Objective Function 
The objective in obtaining a solution for the programming model is to 
minimize the cost of meeting food and fiber demands given land and water 
resources. For each activity, a unit cost of production is defined. This 
unit cost excludes the cost of inputs provided by the other activities in 
the programming model (including land), but includes all other relevant 
costs. For example, the cost of the beef feeding activity includes labor, 
capital, and veterinary costs but excludes the cost of feeders, feed and 
water which are generated within the programming model. 
The formal objective is given by 
min 
5426 
r: 
i=l 
X. C. 
1 1 
(2 .15) 
where x 1 is the level of the ith activity and Ci is the unit cost of that 
activity. 
Considering only the activities with nonzero Ci 1s the objective func-
tion becomes 
+ (PRTHk) (Ci) + (PDW~) (Ci) + (PDPFk) (Ci) + (PRPFk) (Ci) 
+ (PDPNk) (Ci) + ~ (ANPD\Ik) (Ci)J + .~l [(WRBY j) (Ci) 
\1=1 J=l 
+ ~ (WRTR .. 1 ) (c1j + ~ ~ ~ (SHPI'~ 00 1) (C1) j 1•1 JJ n•l n 1•1 ~=1 
~ ,&5. 6 
(2.16) 
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The Land Retirement Policy Model 
For solutions requiring simulation of current kinds of land retire-
ment programs, the programming model is slightly altered. Activities are 
defined to represent land retirement and restraints are defined to limit 
production and concentration of retired land. 
1. A Land Retirement Activity (LRETk) is defined with coefficients 
(+1) in the LCTk' LTTk and LRRk restraints for the kth Producing Area 
(k = 1, ••• ,223). For each, a bound B. is set at the maximum allowable 
l. 
retirement of land in that PA. 
2. A restraint LR~ is defined for each PA: 
4 
~ (PDACak + PRACak) ~ RLRRk 
a=l 
(2 .17) 
where RLR~ is the maximum allowed combined acreage of the crops in the 
program. (a= 1, ... ,4). 
3. The total land restraints are altered: 
7 
~ (PDACak + PRACak + PDTHak + PRTHak) + LRETk ~ RLTTk 
a=l 
4. The cropland restraints are altered: 
7 
~ (PDACak + PRACak) + LRETk 
a=l 
(2.3.1) 
(2.4.1) 
The alteration of the total land and cropland restraints has the sig-
nificance that (a) the nonuse of land is a specified bounded activity 
(LRETk) and (b) tame hay production can no longer occur on cropland not 
used for annual crops. 
5. Bounds are placed on the cotton and sugar beet activities to re-
flect maximum allowed production in the producing areas. 
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III. MODEL PARAMETERS AND THEIR DETERMINATION 
Many coefficients used in this study are derived directly from 
regional programming models previously developed at Iowa State University 
(4, 14, 22). However, the addition of water supplies and water using 
activities to the programming model necessitated new methods and pro-
cedures to generate the coefficients in the areas and regions where 
water use is considered. The following sections outline procedures used 
to estimate the coefficients relating to: land restraints, water sup-
plies and prices, water transfers, crop and livestock activities, feed 
transfer activities, transportation activities, domestic and export 
demands and the policy model variations studied. Although methods of 
specifying and measuring coefficients are outlined here, greater detail 
is given in our report to the National Water Commission (2la). 
Land Restraints 
Land restraints of four types are defined for the annual crops and 
tame hay included in the programming model : (1) cropland, (2) total 
land, (3) irrigated cropland and (4) irrigated total land. Land avail-
able for crop production is assumed to equal the maximum acreage harves-
ted in past years, including land in government retirement programs. 
Crops not included in the present study are assumed to have a land base 
equal to that occupied in past years. Thus the cropland and hayland 
base in the year 2000 is nearly the same as in 1964, but the total land 
base, including all pastures and wild hay, is slightly higher (Table 3.1, 
Normal column). Most of the increase in the total land base comes from 
improved and cropland pasture which is projected to increase from 93.4 
million acres in 1964 to 117.8 million acres in 2000. Woodland and unim-
proved pasture are projected to decrease 7.0 million acres because of 
reseeding, brushing or other pasture improvement practices resulting in 
the pasture being classed improved by the year 2000 (22). 
Although future nonfarm land uses have not been directly incorpor-
ated as variables of the programming mod~l, it seems that the total quan-
tity of land needed for these purposes will not place pressures on farm 
cropland requirements and food supplies up to the year 2000. According 
to Krause (40, p. 5): 
1 The annual crops included in the programming model are corn for 
grain, corn silage, sorghum for grain, sorghum silage, sorghum forage, 
wheat, oats, barley, soybeans, cotton and sugar beets. The tame hay 
activity includes regional rotation mix of alfalfa and alfalfa mixtures, 
clover and timothy, lespedeza, small grain hay, grass silages and other 
hay. 
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In general, it looks like urban uses won't take much cropland. 
An increase of 80 million people would take at most about 20 
million acres of land. Based on past experience, we estimate 
that about half of this, or 10 million acres, might be cropland. 
This is about 2 percent of our present 430 million acres of 
cropland. The effect would probably be less than that because 
much cropland in the east is already in the reversion process 
due to economic disadvantage. 
A recent study by the U.S. Department of Agriculture, Economic Research 
Service, indicates that 49 million more acres, excluding that currently 
held out of production under land retirement programs, could be farmed 
if the need arose (94). If brought into production, this added cropland 
would represent 15 percent of total U.S. acreage now devoted to the 59 
principal crops. U.S. Department of Agriculture economists estimate that, 
based on production costs and prices, 33 million acres of this added land 
could be used for major field crops such as soybeans, corn, rice and cot-
ton. A considerable amount of this land is annually being converted into 
cropland. It comes from the 243 million acres of land in Classes I-III 
now used for forests, pasture and range. In an earlier study, Upchurch 
(219, pp. 215-223) estimated that at a cost of $30-50 billion, 150 million 
additional acres could be converted to cropland. Some of this 150 million 
acres would require irrigation and water. Given these total opportunities, 
however, the demand for cropland for urban, transportation, recreational 
and other nonfarm uses will not offset the land that could be converted 
to crops without irrigation. Conversion already is taking place and is 
profitable at the price levels maintained under commercial farm programs. 
Land restraints for the free-market policy models 
The cropland base in producing area i, LCT., is defined as 
1 
LCT. 
1 
= ~ 
kei 
i = 1, .•• ,223 
j 1, .•• ,11 
k = 1, ... ,3067 
11 
~ 
j=l 
(3.1) 
t 2 
where Xkj is total harvested acreage of the jth annual crop in the kth 
county in the ith producing area (Figure 2.1) as reported in the 1964 
Census of Agriculture (186). Summing over all producing areas for this 
2 See footnote 1. 
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restraint corresponds to the total cropland acreage given in Table 3.1 (p.71; 
Normal column). The total land base in producing area i, LTT., is 
defined as 1 
where 
LTT = LCT. + i 1 
i- 1, ..• ,223 
j = 1, ..• ,6 
k 1' ... '306 7 
L: 
kei 
6 
L: 
j=l 
LCT. 
1 
is as defined above; and 
(3. 2) 
t 
ykj is the total harvested acreage of the jth hay crop 3 in 
the kth county in the ith producing area as reported 
in the 1964 Census of Agriculture (186). 
Summing this restraint over all producing areas corresponds to the sum of 
the cropland and tame hay acreages given in Table 3.1 (Normal column). 
The maximum irrigated acreage 
acres in 2000, assuming no further 
1980. The irrigated cropland base 
LCR. = 
1 
L: 
kei 
11 
L: 
j=l 
i=l, •.. ,223 
j 1, ... ,11 
k = 1, •.• ,3067 
is projected to equal 37.5 million 
public development of new lands after 
in producing area i, LCR., is defined as 
1 
(3. 3) 
where ~j is the irrigated harvested acreage of the jth annual crop 4 in the 
kth county included in the ith producing area as reported in the 1964 Census 
of Agriculture (186). Summing over all producing areas for this restraint 
corresponds to the total cropland acreage in Table 3.2 (Normal column). 
The irrigated total land base, LTR., is defined as 
1 
6 I 
LTR. = LCR. + L: L: ykj 
1 1 kei j=l 
(3. 4) 
3 See footnote 1. 
4 See footnote 1. 
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i 1' ••• '223 
j=1, ... ,6 
k = 1, ... ,3067 
I 5 
where Ykj is the irrigated harvested acreage of the jth hay in the kth 
county included in the ith producing area. 
The irrigated activities are defined only for those producing areas 
included within the 51 water supply regions. Summing over all producing 
areas for this restraint corresponds to sum of cropland and tame hay 
in Table 3.2 (Normal column). 
Each of the four land bases, LCT., LTT., LCR. and LTR., is adjusted 
1. 1. 1. 1. 
for under-counting of the harvested acreage by the 1964 Census of Agri-
culture (186) when compared with the harvested acreage reported in Crop 
Production 1965 Annual Summary (168). Adjustments also are made in the 
cropland and total land bases to account for land in government retire-
ment programs in 1964. The irrigated acreages reported in the 1964 
Census of Agriculture (186) are adjusted upward based on ratios determined 
from irrigated acreages by state in 1964 and 1969 as reported in popular 
irrigation publications (225,226), to reflect additional land brought 
under irrigation between 1964 and 1969. Also, the adjusted estimates of 
irrigated acreages are increased to reflect new lands in Bureau of Recla-
mation projects that have a potential of being developed and irrigated by 
1980 (206). 
Land used for pasture and wild hay is not included in the land res-
traints for the free-market policy models. In the structure of the pro-
gramming model, pasture cannot substitute entirely for hay since pasture 
does not use land from any of the four land bases defined above. There-
fore, two pasture land restraints are defined in each producing area, and 
a third restraint, for irrigated pasture, is defined in each producing 
area included in a water supply region. The first two types of pasture 
restraints reflect the different kinds of pastures (i.e., cropland and 
improved pasture versus unimproved and woodland pastures and public graz-
ing lands). They are developed from projections by Heady and Mayer (22) 
and the acreages of each type of pasture as reported in the 1964 Census 
of Agriculture (186). The third restraint, defined only for producing 
areas included in a water supply region, reflects the irrigated pasture 
acreage as reported in the 1964 Census of Agriculture (186). 
Wild hay production activities also do not use land from any of the 
four land bases. The dryland and irrigated wild hay production activities 
are restrained by upper bounds determined from the 1964 Census of Agricul-
5 See footnote 1. 
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ture (186). The total acreage available in the programming model for 
dryland pasture and wild hay is given in Table 3.1 and the correspond-
ing irrigated acreages in Table 3.2. 
Land restraints for the land retirement policy model 
An annual land retirement program is simulated in a modification of 
the programming model (Model C). This variation simulates the farm 
commodity programs used to regulate the level of farm output during the 
decade 1961 to 1971. Land retirement is on a partial-farm basis with a 
minimum level of participation equal to 75 percent of the level of retire-
ment actually experienced in 1969 (106, 108), or 
where 
= .75 E 
mei 
A. Jm (3.5) 
i = 1, ••• ,223 
j 1 for the feed grain program, 2 for the wheat program 
and 3 for the cotton program 
m 1, ... ,3067 
LRETLBi 
A. Jm 
is the lower bound on land retirement in producing 
area i and 
is the acres of land retired under program j in 
co11nty m in 1969. 
The maximum level of land retirement permissable in any one producing area 
is equal to one-half of the total cropland base in the area, or 
where 
LRETUPi = .5 LCT. l. (3.6) 
i = 1, ... ,223 
LRETUPi 
LCT. 
l. 
is the upper limit on the number of acres that may be 
retired in producing area i and 
is the total acreage of the cropland base in producing 
area i. 
In the land retirement policy model, in addition to land retirement, the 
total acreage of wheat and feed grains in each producing area is restricted 
to 112 percent of the harvested acreage of wheat and feed grains reported 
in 1964 (186). 
The cotton and sugar beet programs are simulated by upper bounds on 
- 50 -
the production activities in each producing area where cotton and sugar 
beet activities are defined. The upper limit on each cotton activity is 
set equal to the actual harvested acreage reported in 1964 (186). The 
bound on a sugar beet activity in a producing area is equal to twice the 
harvested acreage in 1964 (186). Sugar beet bounds were adjusted in 
certain areas to account for rapid acreage increases during the period 
1965 to 1969 (107). 
Land restraints for the fragile lands policy model 
Model F mea.sures the impact on land and water use with fragile lands 
removed from crop production in 2000. Fragile lands are defined to 
include the blow lands, wash lands and wetlands that would have detrimental 
effects on the quality of water, air, vegetative cover, wildlife and 
other natural resources if subjected to agricultural uses. More specifi-
cally, fragile lands are defined to include soils and areas in land-
capability Classes V, VI, VII and VIII as reported by the U.S. Department 
of Agriculture in the updated National Inventory of Soil and Water Con-
servation Needs, (113a). According to this study (113a, p. 1): 
Soils in Classes V, VI, VII and VIII are generally not suitable 
for growing ordinary field crops ••• 
In addition, Class IV lands in certain areas of the Great Plains are 
removed from cultivated crop production to reduce wind grosion, but hay 
and pasture production still is allowed on these lands. 
By using data available in the National Inventory (113a), land avail-
able for dryland and irrigated crop production in the programming model 
(Tables 3.1 and 3.2, Normal column) is adjusted to account for fragile 
lands, included in the "Normal" land base. In general, the adjustment can 
be shown as 
LF L~ l (1 1 ) = 
-
AT_ 1 1 
(3. 7) 
1 
i = 1, .•• ,223 
6The fragile lands policy model was formulated and applied through 
financial aid from the National Academy of Sciences and through private 
communication with Dr. John F. Timmons, Department of Economics, Iowa 
State University, Ames, Iowa and Dr. Sid L. Spahr, Department of Animal 
Science, University of Illinois, Urbana, Illinois, December, 1971. 
where 
L~ 
l. 
L~ 
l. 
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is the acres of land available for crop production in 
the ith producing area in the fragile lands policy 
model (i.e., LCT., LTT., LCR., LTR., etc., adjusted 
l. l. l. l. 
for fragile lands; Tables 3.1 and 3.2, Fragile lands 
column); 
is the acres of land available for crop production in 
the ith producing area, in the policy models that allow 
agricultural use of fragile lands (Tables 3.1 and 3.2, 
Normal column); 
is the acres of fragile lands (land-capability Classes 
V, VI, VII, VIII and IV in certain areas of the Great 
Plains as determined from the National Inventory) used 
for hay, pasture and (or) annual crop production in 
the ith producing area (113a); and 
is the total acres of land (all land classes) used for 
hay, pasture and (or) annual crop production in the 
ith producing area (113a) as summed from the National 
Inventory. 
Land available in the programming model after the fragile lands adjust-
ment is reported in Tables 3.1 and 3.2 (Fragile lands column). After 
the adjustment for fragile lands, total land available for annual crops, 
hay and pasture production is 656.3 million acres less than the "Normal" 
land base. Of the total reduction in the land base, only 1.8 million 
acres is from the irrigable land base (Table 3.2). Nearly 97 percent of 
the fragile lands removed are taken from land available only for pasture 
production. Only a small amount, relatively speaking, of the more produc-
tive cropland and hayland is removed from production (Table 3.1). 
Water Supplies 
The water supply in this study is measured by surface runoff, except 
in seacoast regions where desalination is allowed. Provisions also are 
made for exports of water to Canada and Mexico, for interbasin transfers 
of water and for natural stream flows. 
Mining of underground water supplies is not allowed in the programming 
model. Many of the closed underground water supplies will likely be 
depleted by the year 2000 (27), and the amount of water available on a 
continuous basis from others is not known with any degree of accuracy. The 
mean annual runoff, however, includes some unknown amount of water that 
eventually leaves the surface runoff channels and enters underground 
streams and acquifers. This "potential" underground water probably is 
included in the surface runoff data and, therefore, is included in the 
water supply. Given this condition, inclusion of certain underground water 
supplies would lead to double counting. On the other hand, some under-
ground movement of water never appears as surface runoff, thus the poten-
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tial water supply is understated in some regions (223). In the long run, 
however, most ground water cannot be continuously mined; this is the 
primary reason for excluding it from the study. 
The water supply in each of the 51 water supply regions is a function 
of the total reservoir storage and the mean annual runoff in the region 
(Table 3.3). These supplies are calculated as follows: First, the total 
storage capacity of reservoirs in each water supply region7is determined 
by adding the active conservation and joint use capacities f~r storage 
dams in the region as obtained from the Bureau of Reclamation , the Army 
Corps of Engineers (68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 
81, 82, 83, 84, 85, 86, 87, 88) and a survey of reservoirs in the United 
States in 1963 (45). Second, the mean annual runoffs reported in Table 
3.3 are determined from The Nation's Water Resources (216). Then, by 
using the relationships between reservoir storage and mean annual flow 
(Table 3.4) developed by Lof and Hardison (42), the net water supply as 
a proportion of the mean annual runoff is determined. Since the work by 
Lof and Hardison is available only for major river basins, it is assumed 
that all water supply regions in a major river basin exhibit the same 
relationship between gross water supply and total reservoir storage. 
The gross water supply in each water supply region is determined by 
interpolating between the points reported in Table 3.4. Water supplies 
are calculated first for all water supply regions and then the gross 
water supplies are adjusted, based on the work by Lof and Hardison (42), 
for reservoir evaporation, giving a net water supply in each of the water 
supply regions (Table 3.3). 
The relationship between reservoir storage and percentage of the 
mean annual runoff available for use, given in Table 3.4, is shown graphi-
cally for the Colorado River Basin in Figure 3.1. For example, using the 
higher curve and given a ratio of total storage to mean annual runoff 
equal to 1.003, the gross water supply would equal 0.85 multiplied by 
the mean annual flow. From the lower curve, the net water supply would 
equal 0.79 multiplied by the mean annual flow. 
Water Demand 
Demand for water depends on (1) intake uses, (2) onsite uses and (3) 
flow uses. Intake uses include water for irrigation, livestock, municipal 
and industrial uses, rural domestic, mining and thermal electric power. 
7Active conservation capacity is water storage available for irriga-
tion, municipal and industrial uses, power, fish and wildlife or other 
direct uses. Joint use capacity includes storage area of the reservoir 
allocated to flood control during part of the year and to active conser-
vation for the remainder of the year. 
8unpublished data obtained through private communication with D. W. 
Davis, U.S. Department of the Interior, Bureau of Reclamation, Denver, 
Colorado, March, 1971. 
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Onsite uses include water for swamps, wetlands, reservoir evaporation, 
recreation and fish and wildlife. Flow uses include water for estuaries, 
navigation, waste dilution, stream channel losses and also some fish and 
wildlife and recreation (223, p. 8). 
Water, during the course of its use, is both withdrawn and consumed. 
Water withdrawn is water taken from its source; in general some is returned 
for further use. Water consumed is water lost into the atmosphere either 
through evaporation and transpiration, or incorporated into a product. In 
this study, water lost through deep percolation also is considered con-
sumed. All water consumed is lost and cannot be re-used. For example, 
most water withdrawn for cooling purposes in a thermal electric plant is 
later returned to its source for further use. Only a small amount of 
the water withdrawn for cooling is consumed. Reservoir evaporation is an 
example of water consumption. 
Water consumption is the important indicator of water demand. Water 
withdrawals cannot be used as the true indicator because some water with-
drawn can be re-used, although not always near the point where it is with-
drawn. Therefore, although both withdrawals and consumption of water are 
estimated in this study, only water consumed takes from the supply of 
water or is used to determine water shortages, scarcities or surpluses. 
To incorporate water demand into the programming model requires estimates 
of water-use (consumption) coefficients for most demands. 
Intake uses 
Water-use coefficients are estimated for each irrigated crop activity 
in the programming model to reflect water needed for plant growth in 
addition to that provided from precipitation (1, 10, 13, 24, 59, 61, 67, 
201, 203, 220). Withdrawal coefficients also are calculated to indicate 
the diversion requirements needed to supply the water consumed. Gross 
delivery requirements, GDR .. , in producing area i for crop j9 are 
l.J 
= cuii- EPi 
(IEj) (CEi) 
i 1' ..• '124 
j = 1, ... '33 
(3.8) 
9The 11 annual crops and 6 hays defined in footnote 1 plus wild hay 
and pasture plus the 14 specialty crops potatoes, rice, tomatoes, lettuce, 
sweet corn, carrots, onions, melons, cabbage, other vegetables, lemons, 
grapes, citrus and deciduous fruits and nuts. 
where 
cu .. 1J 
EP. 
1 
IE. 
J 
CE. 
1 
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is the acre feet of water required by the jth crop in the 
ith producing area; 
is the effective precipitation in the ith producing area 
or the water available after rainfall is adjusted for 
evaporation and deep percolation; 
is the irrigation efficiency of the jth crop or the effic-
iency of the crops in using the water applied (Table 3.5) 
and is affected by plant density and the ability of plants 
to retain water in the ground for use; and 
is the canal efficiency in the ith producing area or 
efficiency of the delivery system between the reservoir 
or diversion point and the farm delivery gate. It is cal-
culated for each area from data on Bureau of Reclamation 
projects (202). 
The net diversion requirement, NDRij' or water consumption coefficient 
for each irrigated crop activity is calculated as 
where 
NDR .. =CU .. - EP. + (1-RF) [GDR .. - (CU .. - EP.)] 1J 1J 1 1J 1J 1 -
= CIR. + (1-RF) [GDR .. - CIR . .] J 1J 1J- (3.9) 
i = 1, ••• ,124 
j = 1, .•• '33 
GDR .. , 1J 
CIR .. 1J 
RF 
GDR .. 1J 
CU .. and EP. are as previously defined in (3.8); 1J 1 
is the crop irrigation requirement of the jth crop in the 
ith producing area; 
is the return flow or the proportion of the water 
delivered that is not consumed and is returned for re-use 
in the region. The return flow is assumed to be 55 per-
cent in all river basins except the Columbia-North 
Pacific, where 60 percent is used (211); and 
- (CU . - EP.) is the water diverted but not directly 
iJ 1 
consumed by crops. 
The water coefficients (NDR) for hays and pasture are adjusted to 
account for water needed by the seed crops. 
Fruits, nuts, rice and vegetables are treated as exogenous in the 
programming model. An activity is defined, however, to account for ~0o­jected water requirements of these specialty crops in the year 2000. 
10The 14 specialty crops included in this study are listed in foot-
note 9. 
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The procedure followed is explained in detail in Appendix A. 
Livestock water-use coefficients are taken from (6, 53, 95). For 
livestock, withdrawals are assumed to equal consumption and consumption 
is assumed the same for all counties in a state. 
To allow water consumption to vary with the location and level of 
population, other (nonagricultural) intake uses are estimated on a per 
capita basis. Water withdrawal and consumption coefficients. for munici-
pal and industrial uses, rural domestic, thermal electric power and 
recreation are taken from (5, 8, 9, 48, 49, 50, 53, 56, 57, 58, 59, 60, 
61, 213, 214, 215, 220, 221). Water used for recreation is included in 
the per capita figure, although it is normally included in onsite and 
flow demands. 
Onsite uses 
Onsite uses include water for swamps, wetlands, reservoir evapora-
tion, recreation and fish and wildlife. In this study, water used for 
recreation is included with intake uses. Also, the water supply as dis-
cussed in the "water supplies" section, already includes an adjustment 
for reservoir evaporation. Estimates of water for the remaining onsite 
uses in 2000 are taken from (5, 8, 9, 48, 49, 50, 53, 56, 57, 58, 59, 60, 
61, 213, 214, 215, 220, 221). Since surface runoff data already accounts 
for current swamps, wetlands, etc., only additional onsite water consump-
tion above current levels is included in water demands for 2000. 
Flow uses 
Flow uses include water for estuaries, navigation, waste dilution, 
stream channel losses and some recreation and fish and wildlife. Esti-
mates of water used for recreation and fish and wildlife are included 
with intake and onsite water demands. Also, stream channel losses are 
assumed to be accounted for in the surface runoff figures used. Water 
used for estuaries is not included in this study, since reliable esti-
mates are not available. Water for navigation, however, is included in 
the water demand for certain areas of the nation (213, 214, 215). 
Waste dilution flows are not included in projected water demands. 
Treatment is assumed to handle most waste problems by 2000. Any required 
waste dilution flows are assumed satisfied by municipal and industrial 
water withdrawals and waste water reclamation. 
Water Prices 
Water costs are included in the programming model to (1) reflect 
current water costs in agriculture and (2) determine points on the agri-
cultural demand curve for water and, consequently, initial estimates of 
water that could be released from agriculture for nonfarm uses. 
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Present water prices are used in the six basic policy models ana-
lyzed OModels A, B, C, D, E and F). In these policy models, the price 
per acre foot of water in water supply region j, P., is a weighted 
average of present water costs to farmers in Buread of Reclamation irri-
gation projects (206) or 
P. = l:: 
J i ej 
(CA./ AF. )(WD.) I 
1 1 1 
(3.10) 
i = 1, ... ,116 
j=l, ... ,51 
where 
CA. is the cost of water per acre to farmers in the ith 
1 project; 
AF. is the acre feet of water delivered per acre to farmers 
1 in the ith project; and 
WD. is the total acre feet of water delivered to all farmers 
1 in the ith project. 
If Bureau of Reclamation data were not available for a region, the 
water price in the most immediate upstream region was used. These esti-
mated water prices are adjusted to account for farm waste and deep perco-
lation and to get costs per acre foot of water consumed (Table 3.6). No 
correction is required for canal losses since the deliveries, WD., are 
1 
measured at the farm. 
Water Transfers 
Water transfer activities are included in the programming model to 
allow (1) natural stream flows, (2) interbasin transfers, (3) water exports 
to Mexico and Canada and (4) water augmenting and desalination in selected 
regions. 
For water supply regions linked by natural channels, activities are 
defined to allow surplus water to be used in downstream regions, To 
account for evaporation and channel capacities, each of these activities 
is restricted to a maximum level of 70 percent of the upstream water sup-
ply. Costs are assigned to these natural flow transfers so that the 
upstream water price plus the transfer cost is greater than the price of 
water in the receiving region. No cost is assigned if water in the upstream 
region is priced higher than water in the downstream region. 
Existing interbasin transfers are allowed in the programming model in 
selected regions (Table 3.7). No cost is assigned to these transfers 
since the facilities are already constructed, Also, prices on the upstream 
water buying activities will prevent the transfer at zero cost. Each of 
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Table 3.7. Interbasin water transfers included in the study and the 
maximum amount of water transferred in 2000. 
Project 
Colorado - Big Thompson Project 
Boulder Canyon Project 
Platte - Niobrara subbasin to Kansas 
River subbasin 
Canadian River subbasin to Colorado 
River subbasin 
Central Arizona Project 
Maximum water transferred 
(millions of acre feet) 
0.337 
4.400 
0.190 
0.051 
1.135 
these activities is restricted to the projected capacity of the project to 
transfer water in the year 2000 (48, 49, 50, 61, 220, 221). 
Water export activities are defined for exports to Mexico, the 
Souris-Red-Rainy river basin and Canada. The lower bound on the Mexico 
activity is set at 1.5 million acre feet in accord with the Mexican Treaty 
of 1944 (61) and the water is transferred from the Lower Colorado river 
basin. Another activity allows for the export of 1.1 million acre feet 
of water annually from the Missouri river basin to the Souris-Red-Rainy 
river basin via the Garrison diversion project (50). A third export 
activity is defined to account for the expected increased depletion of the 
Upper Milk River by Canada in the year 2000 (50). 
Desalination activities are defined for all seacoast water supply 
regions to allow for augmentation of the water supply. A price of $100 
per acre foot is assigned to these activities approximating the best esti-
mates available of the cost of large-scale desalting schemes under present 
technologies (25). A water augmenting activity with a high cost is defined 
in the Lower Colorado river basin to prevent an unfeasible solution in the 
event of a water shortage to satisfy the exogenous water requirements pro-
jected for that region in 2000. 
Crop Activities 
Dryland and irrigated crop production activities are defined for 
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corn grain-oats-corn silage, sorghum grain-sorghum silage, wheat, barley, 
soybeans, cotton, sugar beets, tame hay, wild hay, cropland and improved 
pasture and other pasture in a producing area if at least 1,000 acres 
of the individual crop were harvested in the area in 1964 or if the crop 
makes up a significant part of the area's production. 
Crop yields in 2000 
Crop yields11 in 2000 are determined by a procedure that uses a fifty-
year trend of aggregate state yields reported in (96, 97, 98, 99, 100, 
102, 103, 104, 105, 109, 168, 169, 170, 171, 172, 174, 175, 178, 179) to 
adjust a series of interpolated dryland and1~rrigated yields constructed 
from census year data (180, 182, 184, 186). First, the fifty-year 
aggregate trend for each crop in each state was used to reduce the slopes 
of the more rapidly rising sixteen-year trends of dryland and irrigated 
county yields available from census year data (180, 182, 184, 186). Then, 
the adjusted county observations were weighted by the proportion of the 
acres of each crop in each county making up a producing area in 1964 to 
get producing area yields (186). Finally, multiple crop activity yields 
were determined by weighting the yields of the appropriate crops by the 
proportion of the acres that each crop was of the total acres of the aggre-
gate crop activity in the producing area in 1964 (186). The tame hay 
yield was constructed by weighting the average yield of alfalfa and alfalfa 
mixtures, clover-timothy and other hay (excluding wild hay) based on the 
acres of each in each producing area in 1964 (186). 
Pasture yields are determined differently. The yield of dry cropland 
pasture (in hay equivalents) in a producing area is assumed to be 75.0 
percent of the tame hay yield if the tame hay yield is less than 4 tons 
and 70.0 percent of the tame hay yield if it is more than 4 tons per acre. 
A similar relationship is used to determine the yield of irrigated crop-
land pasture with the irrigated cropland pasture yield being 85.0 per-
cent of irrigated tame hay yield if it is less than 4 tons and 80.0 periJ 
cent of irrigated tame hay yield if it is greater than 4 tons per acre. 
Heady and Mayer estimate that the yield of improved pasture is equal to 
88.0 percent of the yield of cropland pasture (22). Thus, given the dry-
land and irrigated yields for each of cropland pasture and improved pas-
ture, aggregate dryland and irrigated yields in a producing area are cal-
culated by weighting the two component yields by the projected acreage of 
each type of pasture in the producing area in 2000. 
11Yields are determined for corn grain, corn silage, sorghum grain, 
sorghum silage, wheat, oats, barley, soybeans, alfalfa, clover-timothy, 
wild hay, cotton, sugar beets and other hay. 
12For a detailed description of the method used, see Appendix B. 
13Private communication with Dr. Frank Schaller, Department of Agron-
omy, Iowa State University, Ames, Iowa, August, 1971. 
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The yield of unimproved permanent pasture, woodland pasture and 
pasture on public lands has not changed significantly between 1949-54 
and the present. Hence, no change is projected to occur by 2000. It is 
assumed that the relationships among each of these three kinds of pasture 
and cropland pasture as developed by Jennings in 1949 (37) will still 
prevail in the year 2000. These relationships are then used to estimate 
the state yield of unimproved pasture, woodland pasture and public lands 
in 2000. Assuming all counties in a state have the same yield, the yield 
for a producing area is an average of the estimated county yields weighted 
by the acreage of each of the three kinds of pasture in each county in the 
producing area in 2000. 
Aftermath pasture yields (pasture from harvested grains and hayland) 
are calculated as a proportion of the yield of cropland pasture based on 
Jennings' (37) estimates of aftermath pasture yield in cropland pasture 
equivalents for each of the 48 states. First, 1~n average yield of after-
math pasture per acre of cropland and hayland was calculated for each 
state to give a value to assign to each county in the state, Then the 
county yields were summed to get producing areas yields based on the acreage 
of annual crops and tame hay in each county in 1964 (186). Finally, these 
yields were included as hay production for the annual crop activities and 
added to the hay yields for tame hay and wild hay activities in each pro-
ducing area. 
Crop costs in 2000 
Costs for the 9 annual crops (corn grain, corn silage, sorghum silage, 
sorghum grain, oats, barley, wheat, cotton and soybeans), tame hay and wild 
hay are calculated by weighting component costs mostly developed by Eyvind-
son (14). Costs in producing area i for crop j for a dryland or irrigated 
activity, Cijk' are defined as 
c. 'k 1J 
i 1, ... ,223 
j 1, ••. ,11 
E 
mei 
k 1 for a dryland activity, 2 for an 
irrigated activity, 3 for total activities 
m = 1, ..• ,3067 
14 See footnote 1. 
(3.11) 
where 
F.k J m 
o.k J m 
A.k J m 
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is1§he machinery cost for crop j for activity k in county 
m; 
is the pesticide and other chemical costs for crop j in 
county m witi5the same application on dryland and irri-
gated acres; 
is the fef~ilizer costs for crop j for activity k in 
county m; 
is the miscellaneous costs for crop j for activity k in 
county m including grain drying, liming, cott9n ginning 
and seed costs for cotton, hays and silages; 
is the acres of crop j for activity k in county m in 1964 
(186); 
Y2ijk is the projected yield in 2000 in producing area i for 
crop j; 
YAijk is the average of the 1959 and 1964 yields of crop j in 
producing area i (184, 186); 
L.k is the labor cost for crop j for activity kin county m; 18 
J m and 
r 
m 
is the interest rate charged for production credit in 
county m (114). 
The ratio of yields in Equation (3.10) is used to increase the non-
labor cost per acre proportionate to the increase in yields. In this way, 
non-labor costs per unit of output remain constant and any lower per unit 
cost is a result of lower labor costs. The cost for a multiple crop activ-
ity is determined by weighting the individual crop costs involved by the 
1964 harvested acreage of the individual crop reported in the 1964 Census 
of Agriculture (186). (also see Appendix C.) 
Per acfg costs for sugar beets are developed from regional publications 
(2, 7, 66). They are projected to the year 2000 by the same procedure 
15netermined from work by Eyvindson (14). 
16For producing areas not included in a water supply region, fertil-
izer costs are from Eyvindson's calculations on the aggregate regional 
data of Ibach and Adams (30). Fertilizer use for dryland and irrigated 
activities in a water supply region is determined from the crop response 
work reported by Ibach and Adams (29). 
17netermined from work by Eyvindson (14). 
18 The labor costs are based on the hours of labor per acre determined 
by Eyvindson (14) and the state wage rates from (173). This cost is then 
projected to 2000 assuming a similar percentage reduction in hours per acre 
as occurred over the period 1949 to 1969 for each specific crop. 
19costs for sugar beet production also were obtained through private 
communication with Rodney Paul, FPED, U.S. Department of Agriculture, Ames, 
Iowa, July, 1971. 
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used for other crops and are assigned to the producing areas with more than 
1,000 acres harvested in 1969 (179). Costs for cropland and improved pas-
ture are estimated from preharvest costs of tame hay (4). Pasture costs 
are then projected to 2000 based on the projected yield increase of crop-
land and improved pasture. The cost for other pasture, unimproved and 
woodland pastures and public grazing lands is determined from the graz-
ing rates charged on public lands (164, 198, 199, 200). 
Bounds are placed on soybean activities to restrict production to 
half the cropland base in each producing area. This procedure is used to 
simulate the practice of not following soybeans with soybeans as a disease 
prevention measure. The only other bounds on crop production in the pro-
gramming model are for pasture and wild hay as explained previously in the 
land restraints section. 
Yield and cost adjustments for the insecticide limitation policy model 
(Model E) 
Yields of corn grain, corn silage and cotton are 2oduced to simulate 
the effect of eliminating insecticides on these crops. The adjustment 
in yields can be shown as 
where 
R.. T .. 
YNijk = YPijk[ 1 - (1~b)( 1~ )] (3.12) 
i 1, .•. ,223 
j = 1 for corn grain, 2 for corn silage and 3 for cotton 
k 1 for dryland activities, 2 for irrigated activities 
R •. l.J 
T .. 
1.] 
is the new projected yield without the use of insecticides 
of the kth type of activity of the jth crop in the ith 
producing area; 
is the projected yield per acre in 2000 with the use of 
insecticides of the kth type of activity of the jth crop 
in the ith producing area; 
is the estimated percentage reduction in yield per acre 
treated of the jth type of crop in the ith producing area 
with the elimination of insecticides (same for dryland 
and irrigated); and 
is the percentage of the acres treated with insecticides 
of the jth crop in the ith producing area (same for dry-
land and irrigated). 
20The reduction in yields and costs of eliminating insecticides in 
corn and cotton production were obtained through private communication with 
Dr. David Pimental, Department of Entomology, Cornell University, Ithaca, 
New York, December, 1971. 
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Costs of production for corn grain, corn silage and cotton are 
adjusted as follows: 
(3.13) 
i = 1, ... ,223 
j = 1 for corn grain, 2 for corn silage, 3 for cotton 
k 1 for dryland activities, 2 for irrigated activities 
where 
is the new projected cost without the use of insecticides 
of the kth type of activity of the jth crop in the ith 
producing area; 
is the projected cost in 2000 with the use of insecti-
cides of the kth type of activity of the jth crop in the 
ith producing area; 
I.. l.J 
T .. l.J 
is the cost of insecticide and application per acre 
treated of the jth crop in the ith producing area (same 
for dryland and irrigated); and 
is as defined for Equation 3.12. 
These new adjusted yields and costs are then used in the insecticide limi-
tation policy model (Model E). 
Yield adjustments for the fragile lands policy model (Model F) 
When fragile lands are removed from production, the average yield of 
crops in the producing area should increase since production will be con-
centrated on more highly productive land. With crop production permitted 
on all classes of land, the average yield of the kth type of activity of 
the jth crop in the ith producing area, YPijk' can be written as 
i = 1, ... ,22321 
j = 1, .... ,15 
k 1 for dryland activities, 2 for irrigated activities 
(3. 14a) 
21The fifteen crops include corn grain, corn silage, sorghum grain, sorg-
hum silage, wheat, oats, barley, soybeans, cotton, sugar beets, tame hay, 
wild hay, cropland and improved pasture, woodland and unimproved permanent 
pasture and public grazing lands. 
where 
1 
y. "k 1J 
4 
yijk 
6 
Y. "k 1J 
7 
Y. "k 1J 
8 
y. "k 1J 
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is a weighting factor or the acres of the kth type of 
activity of the jth crop grown on land Classes I through 
III divided by the total acres grown of the jth crop in 
the ith producing area (113b); 
is a weighting factor (see Wlijk) that measures the 
importance of Class IV land in the ith producing area 
(113b) ; 
is a weighting factor (see Wlijk) that measures the 
importance of Class VI land in the ith producing area 
(113b); 
is a weighting factor (see Wlijk) that measures the 
importance of Class VII land in the ith producing area 
(113b) ; 
is a weighting factor (see Wlijk) that measures the 
importance of Class VIII land in the ith producing area 
(113b); 
is the yield per acre on land Classes I through III of 
the kth type of activity of the jth crop in the ith 
producing area; 
is the yield per acre on Class IV land of the kth type 
of activity of the jth crop in the ith producing area; 
is the yield per acre on Class VI land of the kth type 
of activity of the jth crop in the ith producing area; 
is the yield per acre on Class VII land of the kth type 
of activity of the jth crop in the ith producing area; 
and 
is the yield per acre on Class VIII land of the kth type 
of activity of the jth crop in the ith producing area. 
Since Class V land includes wetlands and cranberry bogs, it is assumed 
not to be used for crops included in this study. Given the following relat-
ionships between the crop yields included in Equation 3.14a, the yield of 
crops gr~~ on nonfragile lands (Classes I through III and IV) can be det-
ermined. 
22 . h. d . d ft . t . t. These relat1ons 1ps were eterm1ne a er pr1va e commun1ca 1on 
with Dr. John F. Timmons, Department of Economics, Iowa State University, 
Ames, Iowa; Dean A. R. Bertrand, Texas Tech University, Lubbock, Texas; 
and Dr. Guy Smith, U. S. Department of Agriculture, Washington, D. C., 
December, 1971. 
4 
Y. "k l.J 
6 
yijk 
8 
Y. "k l.J 
= 
= 
1 
.5Y. "k l.J 
7 
Y. "k l.J 
1 
• 3Y. "k l.J 
= 
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( = 1.0 if Class IV land is not treated as fragile land) 
1 
.4Y. "k l.J 
Substituting these relationships into Equation 3.14a, we obtain 
.. (3.14b) 
:;-_._,::::, give~. ·::1-c w~i£h~s ~etermined from the National Inventory (113b) 
and the average projected yield, YPijk' determined as explained in the 
"crop yields" section above, the average yield of each crop on nonfragile 
lands is determined. Since the tillage practices used on the different 
land classes is not available, no cost of production adjustments are made 
for this policy model (Model F). 
Livestock Activities 
Livestock production activities (hogs, beef cows, beef feeding and 
dairy) are defined for each of the 223 producing areas based on the work 
of Eyvindson (14). Eyvindson's coefficients for these activities are 
weighted into the producing areas based on the production of each kind of 
livestock in each county in 1964 (186). Feed conversion rates for each 
kind of livestock are projected from their 1964 base using an adjusted 
historic national trend of feed consumption per unit of output. Milk per 
dairy cow and calves per beef and dairy cow are the only output coeffici-
ents projected for 2000. Since output of the hog activity is carcass 
weight of pork from 100 pounds of live-weight pork, changes in the effic-
iency of pork production are reflected through changes in feed requirements. 
Since output per head of cattle fed has not changed significantly in the 
past, no change is projected between 1964 and 2000. 
Nonfeed costs for the endogenous livestock activities are projected 
to increase proportionately to changes in output. This procedure maintains 
constant nonfeed costs per unit of output for hogs and beef feeding. Non-
feed costs for beef cows are projected to increase by state proportional 
to the increase in the output of calves per cow by state. Nonfeed costs 
for dairy cows are projected to increase proportional to the increase in 
milk production per cow. For a complete description of the procedures used 
to calculate coefficients for the endogenous livestock activities, see 
Appendix D. 
Coefficients for the exogenous livestock production activities (lamb 
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and mutton, broilers, turkeys, eggs and horses and mules) are explained 
in the later section on final demands. 
Technological Advance 
The policy models included in this study incorporate two different 
assumptions about technological advance in 2000. 
Trend technology 
Eight of the nine policy models incorporate trend technology. As 
used in this study, trend technology means simply that the past rate of 
change in a parameter is assumed to continue into the future. Linear 
regression is the method of projection most frequently used in this study. 
Intercept and slope coefficients are determined and then used to extrapo-
late past changes to determine projected (future) values of the parameter 
(e.g., crop yields). 
Advanced technology 
Under advanced technology (Model D), the productive capacity of agri-
culture is improved using two assumptions about technological advance in 
2000. First, feed requirements per unit of output for the beef and pork 
sectors nati~~ally are assumed to be less than those under trend technology 
projections. The overall feed efficiency of the pork sector is assumed 
to approach the level now obtained under research conditions, about a 20 
percent improvement over the trend technology projection. The calving 
rate of beef cows is assumed to reach 125 percent, about 30 percent higher 
than the trend technology projection. (The higher calving rate assumes 
that new techniques to induce multiple births will be widely adopted.) 
The feed efficiency of fed beef is projected to improve about 70 percent 
over the trend technology projection. The trend technology projections 
for dairy and other livestock and poultry are not adjusted since they 
already reflect vast technological improvements over the past two decades. 
Second, the productive capacity of the Southeast is assumed to increase 
for both crops and livestock relative to the rest of the nation. (In the 
remainder of the United States, trend technology projections are used for 
crops.) Yields of crops in producing areas in the Southeast are assumed to 
"catch up" to yields in the Corn Belt at a rate of 2 percent per year of 
the difference between the projected yield of a crop in a producing area 
in the Southeast and the average projected yield of that same crop in the 
Corn Belt. Thus, after 30 years, 80 percent of the difference will have 
disappeared. If, under the trend technology projections, the yields in 
the Southeast already exceed or equal the average projected in the Corn 
Belt, no further adjustments are made. For livestock, the same adjustment 
23 These new rates were determined after private communication with 
Dr. Lanoy Hazel, Department of Animal Sciences, Iowa State University, 
Ames, Iowa, August, 1971. 
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rule is used but both the Corn Belt and Southern Plains are used as the 
average base from which the deviations are measured. Crop and livestock 
costs in the Southeast also are adjusted to reflect the higher per-acre 
and per-animal costs of the new technologies and production practices. 
These changes assumed for the Southeast would come from larger farms, 
adoption of new farming practices such as multiple cropping and new breeds 
of livestock. 
Feed Transfers 
Transfer activities are defined to convert the crop commodities pro-
duced into nutrients required for livestock production. Outputs from each 
of the crop activities in the programming model are accumulated as supplies 
of corn-sorghum, oats-barley, wheat, oilmeals, silage and hay in commodity 
transfer rows in each consuming region. Demands for crop commodities then 
deplete these regional supplies. The feed transfer activities are used 
to transfer the crop commodity supplies into TDN, protein and roughage used 
for dairy, beef cows, fed beef and pork production. 
Specific transfer activities are defined for each type of livestock 
to prevent nutrient sharing. Specific transfer activities also are defined 
for each of the crop commodities based on the nutrient content of feeds 
appendix in Morrison (52). It is assumed that the nutrient content of 
each individual grain is uniform across the nation. The nutrient content 
of hay, however, is allowed to vary by region based on the 1964 proportion 
of each type of hay production made in the region in 1964 (186). Similarly, 
the nutrient content of silage is allowed to vary by region. Finally, 
since the feed requirements for roughage do not include fiber from the 
grains and oilmeals, no feed transfers are necessary to convert the various 
grains and oilmeals into roughage. 
Transportation Activities 
Transportatio~4activities are defined to allow for the movement of 
eight commodities between adjacent consuming regions. By allowing only 
trans-shipment activities, the size of the transportation sector is mini-
mized since each consuming region is only connected by transportation to 
~ts adj~cent 25onsuming regions rather than to each of the 26 other consum-
1ng reg1ons. 
Data for costs and the corresponding distances are determined for 
each of the eight commodities from data in Carload Waybill Statistics (34, 
24The eight commodities are corn grain and grain sorghum, oats and 
barley, wheat, oilmeals, milk, beef, pork and feeders. 
25 Some long-haul transportation activities are defined where direct 
transportation routes presently exist that do not move through the central 
points of the intermediate consuming regions. 
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35, 36), Freight Commodity Statistics (31, 32, 33), and a U.S. Department 
of Agriculture publication on milk hauling costs (51). By using regression 
analysis, coefficients are determined for the following: 
where 
C = F (M.) j J 
a+bM. 
= e J 
j = 1, ••• ,8 (3.15) 
C. is the cost per mile transported for commodity j; and 
J 
Mj is the distance over which commodity j is transported. 
Then the distance between the center points of the adjacent consuming 
regions is determinedo These distances are used in each of the commodity 
equations (3.15) to determine the transportation costs. A detailed des-
cription of the transportation sector in the programming model is given 
in Heady, et al. (21a) and Appendix E. 
Final Domestic Demands 
Demands for the commodities produced in the programming model are 
entered on a per capita basis for each of the 223 producing areas to 
allow aggregation of the results into the noncongruent consuming and 
water supply regions. The per capita demands in each region are trans-
ferred into effective total demand by means of the "population and indus-
try" activity. (See part II, "final demand.") 
Demands for endogenous livestock and crops 
The demands for beef and veal and pork are determined from the 
equations developed by Waugh (222). The equations first were inverted 
from price dependent to quantity dependent and then solved using prices 
expected to prevail in 2000 and the level of per capita income as projected 
by the Office of Business Economics (196). A maximum per capita income of 
$4,000 (1957-59 prices) was used in the equations to restrict the effect of 
income on food as incomes increase and since the equations were developed at 
an income level near $2,000. In the year 2000, all regions are projected 
to have per capita incomes greater than the $4,000 maximum, thus regional 
variations in income did not result in regional differences in per capita 
consumption of beef and veal, pork or broilerso 
The demands {pounds per capita) determined for beef and veal and 
pork are used as coefficients in the population and industry activity to 
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create a demand in the relevant consuming region. The projected per capita 
demand for dairy products in whole milk equivalents is based on the trend 
in per capita consumption of milk products over the 22 years 1948 to 1969 
(149). 
Per capita demands for corn and sorghum, oats and barley and wheat 
also are included in the population and industry activity to account for 
the uses of these commodities not directly associated with the endogen-
ously determined activities (i.e., livestock feed). Demands for these 
commodities in 2000 are assumed to equal the 1967-69 national average 
per capita uses for milling, brewing, and other uses of the respective 
commodity (143). Sugar beet demand (in sugar beet equivalents) is assumed 
to equal the 1967-69 average per capita consumption of sugar adjusted for 
cane sugar production (143). The per capita consumption of cotton lint 
is projected to decline following past trends (123). 
Per capita consumption levels used in the programming model are 
reported in Table 3.8. Per capita consumption in 2000 of all types of 
meats except lamb and mutton is projected to increase over present levels. 
Per capita consumption of beef and veal would increase by 41.0 lbs. to 
157.7 lbs. in 2000, and the increase in pork would be 1.3 lbs, and in 
broilers would be 1.6 lbs. Thus, a large increase is projected in beef 
production to meet the increased per capita demands and the resulting 
total demand created by the projected population. Production of other 
livestock commodities would need only increase a little more than propor-
tionate to the population to meet the projected demands. Per capita con-
sumption of dairy products on a whole-milk equivalent basis and per capita 
consumption of eggs are projected to decline from present levels by the 
year 2000 (Table 3.8) following trends of the past two decades. Per capita 
consumption of the various grains would change only slightly as consumers 
change their consumption patterns to include less of these energy-rich 
commodities and more of the protein commodities or commodities which can 
be adapted readily to "snack" uses. 
Demands for exogenous livestock and crops 
Commodities exogenous to the programming mode1 26 are incorporated 
through national activities bounded at levels corresponding to their pro-
jected requirements, domestic plus export, for 2000. Production of these 
activities is allocated among each consuming region based on 1964 and 
1969 production in the nation. Feed requirements for the exogenous live-
stock are removed directly from the corn-sorghum, oats-barley, oilmeals, 
wheat or roughage rows of the appropriate consuming regions. By using 
this procedure, no transfers are required to convert crop activity outputs 
to TDN, protein or roughage, But no changes in the ration can result as 
the "model determined" values of various feed stuffs change or production 
26The location of the production of broilers, eggs, turkeys, lamb and 
mutton, other livestock (mostly horses and mules) and fruits, nuts, rice 
and vegetables is determined exogenous to the programming model. 
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technologies indicate that different rations are preferred. Each of 
these national activities has a lower bound in the programming model· 
equal to the national projected demand in 2000. 
The demand for broilers on a ready-to-cook basis is determined using 
another of Waugh's equations (222). The per capita demands for eggs and 
lamb and mutton are determined by projections from time series consumption 
data (143). Other livestock (horses, mules, goats, etc.) are assumed to 
be distributed equally over all consuming regions, with their production 
set at their 1964 levels (186). 
Projected demands for fruits, nuts, rice and vegetables in 2000 are 
based on work by Dean,et al. (12). For a discussion of these projections, 
see Appendix A. For a detailed discussion of the estimation of exogenous 
and endogenous demand for the commodities discussed above, see Appendix F. 
International Trade 
Two levels of exports are hypothesized for the year 2000. Level I 
assumes no further growth in world demand for U. s. exports while Level II 
assumes a substantial increase in exports over the present. Under Level 
I, exports of farm products are assumed to equal average 1967-69 commer-
cial and government exports. Under Level II, total feed grains and 
wheat exports are projected to increase 1.9 percent per year and oilmeal 
exports are assumed to increase 2.5 percent per year over the next 30 
years. Thus, by the year 2000, exports under Level II are nearly twice 
as high as under Level I. Exports of eggs, broilers and turkeys are 
assumed to equal average 1967-69 levels under both Level I and Level II 
exports. The levels of exports for 2000 are summarized in Table 3.9. 
Exports of the crop commodities are allocated among the 27 consuming 
regio2~ based on average 1967-69 shipments from U. S. ports (110, 111, 112, 
113). Exports of the poultry products are added to their projected dom-
estic demands and the totals are then converted into feed requirements 
and allocated among the 27 consuming regions based on the share of U. S. 
production of each product in each of the consuming regions in 1964 (186). 
Imports of livestock products are assumed to equal average 1967-69 
per capita levels (Table 3.10). Imports of beef and veal, pork and dairy 
products are allocated according to the projected distribution of population 
and are subtracted from the respective projected demands in each consuming 
region. Projected imports of lamb and mutton are subtracted from the pro-
jected domestic demand for lamb and mutton. This adjusted quantity is 
then used as the bound on the lamb and mutton activity in the programming 
model. 
27only a national export requirement is specified for cotton lint. 
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Population Levels 
Several population levels have been used in this study (Table 3.8). 
Domestic population is the major variable causing demand for food to 
increase in the United States. Hence, three levels of population have 
been used: 280 million, 300 million and 325 million. The 300 million 
population level is used as the benchmark for comparisons. Under the 
possibility that a major slowdown in the population growth rate might be 
attained within the next 30 years, a population of 280 million has been 
used for four sets of solutions. Finally, because of the possibility that 
population growth rate might be greater than that (300 million) considered 
most probable, a population of 325 million has been used for Model D, 
which assumes an accentuated rate of technological advance and large 
exports. The latter combination of variables is used to determine agri-
cultural policy and water needs under maximum foreseeable demand condit-
ions. 
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Table 3.1. Land available in the United States for crops included in the 
study. 
Item 
Cropland 
Tame hay 
Wild hay 
Improved & cropland 
pasture 
Woodland and un-
improved pasture 
Public grazing lands 
19641 
264,018 
57,067 
10,347 
93,437 
533,230 
291' 384 
1,249,483 
1 Source: (168, 186). 
(000 acres) 
2 Includes public grazing lands. 
2000 
Normal 
264,111 
58,007 
10,347 
117' 776 
526,418 
291,384 
1,268,045 
Fragile lands 
policy model 
249,490 
53,997 
8,398 
87,579 
212,2332 
Table 3.2 
Item 
Cropland 
Tame hay 
Wild hay 
Improved & 
pasture 
Other 
Total 
- 72 -
Land available for irrigation in the 17 Western States for 
crops included in the study. 
19641 
2000 
Fragile lands 
Normal policy model 
(000 acres) 
14' 129 18,557 18,047 
6,734 7,442 7' 149 
1,355 1,355 1,009 
cropland 5,093 5,093 4,403 
4,572 5,092 5,092 
31,883 37,539 35,700 
1 Source: (186). 
2Includes fruits, nuts, vegetables, rice and field seed crops for which 
water is allocated in 2000. 
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Table 3.5. Irrigation efficiencies of selected crops. 1 
Alfalfa 
Clover 
Pasture 
Crop 
Grains and silage 
Cotton 
Vegetables 
Rice 
Sugar beets 
Citrus and nuts 
Subtropical fruits and vines 
1 Source: (59) • 
Efficiency of irrigation 
75 
60 
70 
70 
70 
65 
65 
65 
75 
75 
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Table 3.6. Present prices paid bl farmers for water in t!1e 51 
water supply regions. 
Dollars per Dollars per 
Region acre foot Region acre foot 
1 2.04 27 8.65 
2 4.01 28 2.30 
3 2.29 29 5.13 
4 2.29 30 2.13 
5 2.94 31 2.52 
6 2.04 32 10.74 
7 2.29 33 3.06 
8 2.51 34 2.67 
9 2.63 35 8.85 
10 2.05 36 6.10 
11 1.83 37 3.05 
12 2.73 38 3.06 
13 1. 91 39 6.10 
14 5.88 40 6.10 
15 30.28 41 4.22 
16 57.96 42 4.22 
17 8a32 43 11.58 
18 3.05 44 4.22 
19 2.47 45 11.58 
20 2.47 46 6.10 
21 4.13 47 2.20 
22 3.11 48 8a28 
23 1. 50 49 8.28 
24 2.58 50 8.28 
25 0.85 51 8.28 
26 3.87 
1Prices include an adjustment to convert to cost per 
acre foot consumed rather than delivered. 
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Table 3.9. Exports of crop and poultry products in 2000. 
Commodity Unit 
Corn-sorghum bushels 
Barley-oats bushels 
Wheat bushels 
Oilmeals cwt 
Cotton lint bales 
Eggs dozen 
Broilers lbs. ready-to-cook 
Turkeys 1bs. ready-to-cook 
1 Level I 
710,264 
51,292 
637' 115 
218,992 
3,400 
47,000 
167,000 
42,000 
(000) 
2 Level II 
1,299,783 
93,864 
1,165,920 
481,780 
3,400 
47,000 
167,000 
42,000 
1 Average 1967-69 exports. Used for all policy models except Model D. 
2 Used for Model D. 
Table 3.10. Imports of livestock products in 2000. 
Commodity Unit Imports 1 per capita 
(lbs.) 
Beef and veal care. wt. 6.96 
Lamb and mutton care. wt. 0.67 
Pork care. wt. 1.09 
Dairy products milk equivalent 6.44 
1 Average 1967-69 exports. Used for all policy models in the study. 
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IV. EMPIRICAL RESULTS 
Nine alternative policy models are analyzed in the following sec-
tions. The basic issues to be examined are: Given the total of natural 
resources available to agriculture, land and water, export-import 
policies adopted by Congress and nonagricultural requirements for water 
in 2000, can the United States meet future food demands at a reasonable 
cost of food to consumers? Can diversion of water to nonfarm uses 
cause food supply capacity to be brought into a better balance with 
demand? Is supply capacity large enough, considering both land and 
water resources, to allow restraints on the use of insecticides and fra-
gile landsl without large increases in real food prices? 
Policy Models Analyzed 
Six basic policy models are analyzed in the following sections: 
Model A, Model B, Model C, Model D, Model E and Model F. Model A and 
Model B are free-market policy models with population levels of 300 mil-
lion and 280 million, respectively. Model C, with a population level 
of 280 million, simulates an annual land retirement program similar to 
the wheat, feed grain and cotton programs used during the 1961-71 decade. 
MOdel D uses an advanced level of technology in 2000, has a population 
of 325 million and increased levels of exports. Model E incorporates a 
population of 280 million with elimination of insecticides in corn and 
cotton production but with no restrictions on land use. Model F also 
uses a population of 280 million but has fragile lands removed from any 
type of crop production.l These six basic policy models assume present 
prices for water in 2000. 
In addition to the basic policy models, three policy models Al, 
A2 and A3, were formulated as free-market policy models with population 
at the 300 million level but each assumes an alternative price for water 
in the year 2000. Under Model Al, farmers in the 51 water supply re-
gions (Figure 2.2) pay at least $15.00 per acre foot for water (from 
surface runoff), under Model A2 at least $22.50 per acre foot and under 
Model A3, at least $30.00 per acre foot. The nine policy models ana-
lyzed are summarized in Table 4.1 (p. 113). 
1Fragile lands include land Classes V through VIII across the nation 
and land Class IV in certain areas of the Great Plains where wind erosion 
has been severe in the past. On the Class IV lands defined as fragile, 
only pasture production is included in the analysis. 
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In the following sections, results are presented on the land and 
water used under the nine altenative policy models. Results are summa-
rized and reported for the 18 river basins shown in Figure 4.1. The New 
England and Middle Atlantic basins are joined as the North Atlantic, 
thus, only 17 river basins are shown in Figure 4.1 (p.l86). Maps showing the 
locations of crop production are provided for sel~cted crops and policy 
models. For the price variation policy models, A, Al, A2 and A3, demand 
functions for water in the West and land in the East are presented. The 
substitutions of land in the East for water in the West and dryland pro-
duction in the West for water (irrigated land) in the West also are 
analyzed. 
Additional sections present results on the level of livestock out-
put and expected farm price levels, an indication of consumer food cost, 
under the nine alternative policy models. Average crop yields and shadow 
prices of land and water under the alternative policy models are reported 
in Appendix H. Tables and figures start on pages 113 and 186, respectively. 
Full Comparative Advantage and Simulated 
Free Market Policy MOdels with 300 Million Population 
Four of the nine policy models analyzed are intended to simulate 
conditions of full comparative advantage and a free market in American 
agriculture with 300 million people in 2000. Full comparative advantage 
is allowed in this manner: Crop production can be allocated and land 
and water can be used among areas and regions so that the national pro-
duction pattern is most efficient. Land in the East can be substituted 
for land in the West or vice versa to attain the economically most 
efficient national pattern. No policy restraints, such as land retire-
ment, are placed on geographic and land-water substitutions. The four 
policy models evaluated in this sector differ only with respect to the 
price of water. These four policy models, then, provide estimates of 
data needed for an analysis of the trade-offs between alternative futures 
in the United States. Model A will be used as a benchmark in the analysis. 
MOdel A: Free market, 300 million population, present water prices and 
trend technology in 2000 
Under these conditions--domestic demand for 300 million people and 
exports at the 1967-69 average levels--atocal of 189.5 million acres are 
used for dryland annual crop production (Table 4.2). Per capita consump-
tion of beef and veal in 2000 is projected to increase 44.0 pounds over 
1969. Per capita consumption of pork is projected to remain near the 
1969 level while per capita consumption of broilers and turkeys are pro-
jected to be higher than actual consumption in 1969 (Table 3.8). Con-
sumption of the remaining livestock and poultry products continues to 
decline following the trend of the past two decades. 
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The results of this policy model indicate that, for a 300 million 
population and the conditions of management, technology and exports 
projected, the nation will have no problems in meeting its aggregate 
demands in 2000. With currently retired land allowed to return to pro-
duction, irrigated acreage and water used in agriculture could be reduced 
accordingly. Thus, water is available to transfer to other uses. Water 
and land are allowed to substitute for each other, and surplus capacity 
in both land and water is projected to prevail for 2000. The total food 
producing capacity of the nation would still tend to be large relative 
to demand, and the tendency toward depressed farm prices, in the absence 
of supply control programs, would still prevail in the year 2000. Even 
with reduced water use for agriculture and a substitution of land over 
the nation for water in the West, some land still could go unused for 
field crops. 
Total acreage and distribution of dryland and irrigated crops 
Compared with 1964, the dryland acreage of annual crops increases 
by 13.1 million acreas as supply-control measures are relaxed. Dryland 
acreages of corn for grain and cotton are significantly lower, but dry-
land acreages of wheat, grain sorghum and soybeans are significantly 
higher (Table 4.2). Based on dryland acreage of annual crops, the rank 
generally is the same as 1964, except that the Texas-Gulf basin increases 
feed-grain acreage significantly, 6.9 million acres, primarily because of 
grain sorghum grown in that area (Figure 4.3). The sorghum grown in the 
Texas-Gulf basin is needed for the large number of cattle to satisfy the 
beef demand for an increased population in the Houston-Dallas area. With 
the relative shift of cattle feeding to the Texas area and the general 
yield increase projected for grain sorghum and other crops by 2000, the 
national acreage of corn for cotton production is concentrated in the 
southeastern United States (Figure 4.4). 
The dryland acreage of tame hay and silages is projected to increase 
41.9 million acreas over that in 1964 (Table 4.3). This large increase 
in dryland forage production is associated with: (1) the projected in-
crease in cattle feeding and (2) the increased beef cow numbers to pro-
vide the feeder cattle. For the United States, the number of beef cows 
is projected to increase by 49.4 million head (137 percent) over the 
1969 level (Table 4.70). 
The ranking of the river basins with respect to the dryland acreage 
of tame hay and silages generally is the same as that in 1964. But the 
Arkansas-White-Red basin moves into third place as these crops increase 
by 11.2 million acres over 1964. The Upper Mississippi basin, ranking 
second behind the Missouri basin in both 1964 and 2000, has an increase 
of 7.3 million acres of tame hay and silages over levels in 1964. In 
both the Upper Mississippi and Missouri river basins, the increase in 
forage production is associated with the great increase in numbers of 
fed cattle and beef cows. The dryland acreage of wild hay and pasture 
is essentially the same as that in 1964, except that acreage of improved 
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pasture is projected to increase by the year 2000. The greater pro-
duction from wild hay and pasture in 2000 is consumed by the increased 
number of fed beef and beef cows. The location of the tame hay and 
wild hay acreage under Model A is shown in Figure 4.5. The dryland 
acreage of hay is concentrated in the Missouri and Upper Mississippi 
basins. The irrigated acreage of hay is scattered in the Arkansas-White-
Red, Columbia-North Pacific, Texas-Gulf, Missouri and California-South 
Pacific basins. The location of pasture under Model A is shown in 
Figure 4.6. They dryland acreage of pasture is concentrated in the 17 
Western States. The irrigated acreage of pasture is concentrated in the 
Columbia-North Pacific, California-South Pacific and Missouri basins. 
Large supoly capacity through substitution of land for water 
The irrigated acreage of annual crops in 2000 is projected to de-
cline by 5.1 million acres from the 1964 level (Table 4.4). The esti-
mated supply of both land and water is large enough to allow this shift 
while attaining a greater total output. The use of less irrigated land 
and the return to production offfind now idled by supply control programs 
would allow the nation's over-all agricultural production to be opti-
mized by this pattern and shift. Agriculture could either (a) produce 
the nation's food needs at a lower total factor cost or (b) produce a 
given amount at a greater national farm profit by this pattern. The 
shift to a smaller dependence on irrigated acreage and a greater depen-
dence on dryland acreage, could have inportant interregional effects on 
the distribution of income. 
The Texas-Gulf, Missouri and California-South Pacific basins show 
the largest decrease (4.6 million acres) of irrigated land. This de-
crease of irrigated annual crops in 20002 compared with levels in 1964, 
can be explained by a number of factors. First, in conformity with the 
objective function of the programming model, it is efficient for dry-
land production in either the East or West to be substituted for irri-
gated production. As discussed previously for Model A, the projected dry-
land acreage of annual crops increases 13.1 million acres, and the pro-
jected dryland acreage of tame hay and silages increases by 41.9 million 
acres over 1964. In this comparison, remember that Mbdel A does not in-
clude a land retirement or supply control program of the 1964 type for 
the year 2000. Model A rulows unirrigated land to be brought back into 
production and substituted for water or irrigated land where (a) munici-
pal and industrial water requirements indicate the need and (b) where the 
efficiency of production is furthered by the substitution. In other 
words, land idled under current supply control programs is released for 
substitution for water and irrigated land for meeting the efficiency ob-
jective. Water in some specific areas is not available for irrigation 
2The amount of these annual crops irrigated in 1969 was not available 
when this report was written, but the decrease in 2000 would be even 
greater since actual irrigated acreage continued to increase between 1964 
and 1969. 
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after exogenous water requirements (municipal, industrial, fruits and 
vegetables, etc.) are satisfied. This outcome explains some of the de-
crease in irrigated annual crops in the Southwest and the Texas-Gulf 
basin. Since use of ground water above recharge rates is not allowed 
in the programming model, certain areas using water for irrigation in 
1964 have reduced supplies in 2000. Therefore, some of the decrease in 
irrigated annual crop production in the Texas-Gulf basin, the Southwest 
and the Missouri basin may result from the smaller projected water supply. 
Groundwaterin the Texas High Plains area is expected to be depleted by 
2000 (27). Finally, some water and irrigable land are utilized in forage 
production for the greater beef production. Under Model A, the irrigated 
acreage of tame hay and silages increases by 4.0 million acreas over the 
1964 level (Table 4.5). The increase in forage production, as already 
outlined, is used for the increased fed beef and beef cow production in 
2000. (See Figures 4.2, 4.3 and 4.4 for the location of irrigated annual 
crops under Model A in 2000.) 
For the 9 western river basins, the largest projected increases (a 
total of 3.8 million acres) in the irrigated acreage of tame hay and 
silage are in the Missouri, California-South Pacific and Columbia-North 
Pacific basins. Both the Missouri and California-South Pacific basins 
would have significant decreases in the irrigated acreage of annual crops, 
compared with that in 1964. Most of the land so released would be shifted 
to irrigated tame hay and silage production. The irrigated acreage of 
tame hay and silages in the Texas-Gulf basin would decrease slightly due 
to the shortage of water in that basin in 2000. (See Figure 4.5 for the 
location of the irrigated acreage of tame hay and wild hay under Model A 
in 2000.) 
Irrigated acreages of wild hay and pasture would differ only slightly 
from 1964 actual levels. The irrigated acreage of fruits, nuts, rice 
and vegetables for 2000 in the West is projected to increase 15.0 percent 
over 1964. Over 90 3ercent of the increase would be in the California-
South Pacific basin. Figure 4.6 shows the location of irrigated pasture 
and Figure 4.7 shows the location of irrigated fruits, nuts, rice and 
vegetables in the 9 western river basins in 2000 under Model A. 
Interregional shifts of land and water use and surplus capacity 
Even with the projected higher food and fiber requirements in 2000, 
16.4 million acres of land could remain unused (Table 4.6). The term 
unused refers to the amount of land not used to meet the domestic and 
export food demands at the numerical levels estimated for the restraint 
equations of the programming model. Of course, in a completely free 
3see Appendix A for the methods used to estimate land and water 
requirements for fruits, nuts, rice and vegetables in 2000. 
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market, we would expect the acreage denoted as unused to be absorbed 
into nonagricultural or urban uses, or for public purposes such as parks 
and recreation. The greatest proportion of land designated as not 
needed for agricultural production (in terms of the specific demand re-
straints of the programming model) would be in the Appalachian, Smokey 
and other mountainous areas of the East (Figure 4.8). Also, a large pro-
portion of the unused land would be along the heavily populated area of 
the Eastern Seaboard, where the demand for recreational lands may be 
large over the next three decades. Most of the remaining unused land 
would occur in the 17 Western States either as land is released from irri-
gation or as supply controls are relaxed from 1964 levels, and more pro-
ductive soils in the Corn Belt or elsewhere are substituted. 
Of the unused cropland and hayland under Model A, 5.3 million acres 
could be used for additional annual crop or tame hay production and 11.1 
million more acres could be, in terms of soil and topographic character-
istics, used only for tame hay production. Also, a considerable amount 
of land currently irrigated would switch to dryland uses in 2000 under 
Model A. There would be 26.0 million acres of land available for irri-
gated annual crops and irrigated tame hay production in 2000 (Table 3.2). 
But only 17.0 million acres of annual crops and tame hay are irrigated 
under Model A (Table 4.6). Thus, over 7 million acres of land currently 
irrigated (or with a high probability of being irrigated by 1980) would 
be used for dryland production in 2000. The Texas-Gulf, Missouri and 
California-South Pacific basins would contain most of the land switched 
from irrigatedto dryland crop production. In the Texas-Gulf basin and in 
southern California, water would be used for nonagricultural purposes 
(Table 4.7) and(or) for irrigation of fruits, nuts, rice and vegetables. 
In the Missouri basin where a surplus of water is projected (Table 4.8) 
future additional food and fiber production would come from dryland 
grain and hay production. 
From 1961-70, an average of 56.0 million acres of land was retired in 
various government land retirement programs. With the increased food 
consumption, especially beef under Model A, added grain and forage pro-
duction would leave only 16.4 million acres unused in the nation. But 
a considerable amount of land, 49.3 million acres either currently in 
land retirement programs or currently used for annual crop production, 
would be shifted to tame hay production under Model A (Table 4.6). Over 
80 percent of the land shifted would be in the Missouri, Arkansas-White-
Red and Upper Mississippi river basins. These are the areas that have 
large amounts of land in current land retirement programs. But under 
Model A, a shift to more diversified farming is indicated for these areas 
to supply forage for the increased beef production. 
Consumptive use and supplies of water by river basin 
Projected withdrawals and consumptive use of water under Model A 
are shown in Table 4.7. The net water balance in the 9 western river 
basins is summarized in Table 4.8. Total comsumptive use of water in 
the 17 Western States is projected to increase 22.3 million acre feet, 
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or 30 percent, over the 1965 level. Only the Arkansas-White 
Red and Rio Grande basins have a projected total water consumption in 
2000 that is less than the 1965 level. Projected food and fiber produc-
tion in the Arkansas-White-Red basin is predominently from dryland acreage. 
In the Rio Grande basin, only a small amount of the projected available 
water would be in surplus (Table 4.8). In certain areas of both the 
Arkansas-White-Red and Rio Grande basins, current use of ground water pre-
dominates (Figure 1.4). Since groundwater use above recharge rates is 
not allowed in Model A, water for consumptive use in 2000 would be less 
than present supplies. As shown in Table 4.4, projected irrigated acreage 
of annual crops in the Rio Grande basin declines from the actual 1964 
levels. 
Of the total increased consumptive use of water under Model A, 10.0 
million acre feet, 45 percent, would be in the California-South Pacific 
basin. The Missouri, Texas-Gulf and Columbia-North Pacific basins also 
would increase water consumption to much higher levels. The projected 
increase in water consumption in the California-South Pacific basin is 
due to population growth and increased fruit, nut, rice and vegetable 
production. In the Texas-Gulf basin, estimated municipal and industrial 
water requirements give rise to the major increase. Crops would be the 
primary water user in both the Missouri and Columbia-North Pacific basins. 
The increases in water consumption in the Great Basin and Lower Colorado 
basins would be relatively small and irrigated acreages are less than 
1964 levels under Model A (Tables 4.4 and 4.5). Currently, ground water 
is an important supply source in both these areas (Figure 1.4). 
Under Model A, about 40 percent of the estimated total water supply 
would be consumed in 2000 (Table 4.8). Only the Texas-Gulf basin is 
projected to have a water deficit. The Rio Grande, Great Basin and Lower 
Colorado basins would have a relative scarcity, however. All remaining 
basins, including the Upper Colorado, have adequate water and need no 
further surface reservoir construction after 1980. The Upper Colorado 
basin would have a surplus of 0.9 million acre feet per year. In ad-
dition, it would release 5.3 million acre feet for consumptive use in 
the Lower Colorado basin. The Columbia-North Pacific basin would have 
the largest surplus, 98.9 million acre feet per year. 
The projected water supply-demand situation under Model A is shown 
in Figure 4.9. In general, water supplies would be exhausted in the 
southwestern United States and in the Great Plains including the states 
of Kansas, Nebraska, Oklahoma and the High Plains of Texas. These areas 
currently use large amounts of groundwater to satisfy irrigation water 
demands. 
Under the formulation of Model A, only surface runoff would be 
available for the alternative water uses. Hence, these areas would 
adjust to the reduced supply of water available for agricultural uses 
in the year 2000. 
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Desalting would be required in the Texas-Gulf basin to cover the 
projected deficit of surface water resulting from the estimated exogenous 
uses for water. No other river basin would experience a water deficit, 
however, many would utilize all the water available. This indicates 
that given the demands projected under Model A, the major concern would 
be of water distribution rather than water shortage. The use of cropland 
previously in government programs could provide agrigulture with the 
productive capacity to meet the demands for food and fiber with little 
pressure on total water quantities. 
Supply potential and policy alternatives 
The projections to 2000 under MOdel A indicate neither a land nor 
an over-all water shortage for agriculture. The prospect is for continued 
large supply capacity relative to projected domestic and export demand 
for U.S. farm products. Farm commodity prices are not likely to rise to 
high real levels under the projected supply-demand relationships. (See 
Table 4.71 for a summary of projected farm prices under MOdel A.) The 
nation averaged 56.0 million acres retired from production under federal 
supply control programs over the period 1961-70, and MOdel A indicates 
that some cropland still wouldnot be needed for crops in meeting projected 
demands. The amount of land not used for crops, however, is projected 
to decline from the 58 million acres out of production in 1969 to 16.4 
million in 2000. At the same time, the amount of water used for irri-
~tion and the amount of land irrigated could decline if resources were 
allocated optimally in terms of Model A. Under Model A, the amount of 
irrigated acreage would decline from the estimated 38.5 million acres in 
1969 to 27.3 million acres in the 17 Western States. Hence, the nation 
could readily meet its food needs under the assumptions of MOdel A and 
some water could be released for other uses accordingly. Even if urban, 
municipal and manufacturing demand for water proves greater than that 
projected, more water would be diverted from agriculture where locational 
aspects of water supply and demand mesh. With even more water withdrawn 
from agriculture to meet nonfarm demand at particular locations, land 
elsewhere in the nation would be available to maintain total output. 
Hence, even with a somewhat reduced acreage of irrigated land in 
2000, the problems of agriculture nationally are more likely to be more 
nearly those of large prod~ction capacity and low prices, than of small 
supply relative to demand and high real costs of food to consumers. 
This statement, of course, is based on the projections used--including 
projections for export demands. If some unexpected circumstances caused 
urgency for much greater exports or international food aid, the situation 
would be altered.4 
4A higher level of both population and exports is evaluated under 
Model D. 
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Model Al: Free market, 300 million population, $15 water price and trend 
technology in 2000 
This policy model is the same as MOdel A except that the price of 
water is higher and farmers in the 17 Western States pay at least $15.00 
per acre foot for water (from surface runoff) used for crop irrigation 
or livestock production. The higher price on water affects its alloca-
tion in terms of the programming model's objective function. 
Total acreage and distribution of dryland and irrigated crops 
Compared with those in MOdel A, dryland acreages of the annual crops, 
hays and pastures would increase by 4.6 million, while irrigated acreages 
of these same crops would decrease by 4.6 million. The dryland acreage 
of annual crops, however, would be 1.0 million acres smaller that that under 
Model A (Table 4.9). Under MOdel Al, the dryland acreage of annual crops 
would increase 0.2 million acres in the South Atlantic-Gulf basin and 
decrease 0.6 million acres in the Arkansas-White-Red basin, 0.4 million 
acres in the Lower Mississippi basin, 0.2 million acres in the Upper 
Mississippi basin, 0.1 million acres in the Missouri basin and 0.1 mil-
lion acres in the Great Lakes basin. The dryland acreage of wheat would 
decline 2.1 million acres, and dryland acreages of corn for grain, -grain 
sorghum, soybeans and cotton would increase slightly. Compared with that 
in Model A, the irrigated acreage of annual crops would increase by 0.3 
million acres under Model Al including 0.5 million acres more irrigated 
wheat in the Columbia-North Pacific basin (Table 4.11). 
Under Model Al, the dryland acreage of tame hay and silages would be 
5.5 million acres higher than that under Model A (Table 4.10). The fol-
lowing river basins show most of the projected increase (and amounts): 
Missouri (1.4 million acres), Columbia-North Pacific (1.4 million acres), 
and Arkansas-White-Red (0.8 million acres). The irrigated acreage of tame 
hay and silages would decrease by 3.5 million from Model A. The following 
river basins show most of the projected decrease (and amounts): Upper 
Colorado (0.4 million acres), Columbia-North Pacific (1.8 million acres), 
Missouri (0.9 million acres) and Great Basin (0.4 million acres). 
Dryland acreages of wild hay and pasture would be nearly the same 
as those under Model A. However, the projected irrigated acreage of 
wild hay and pasture is 1.3 million acres fewer than that under Model A 
(Table 4.12). MOst of the decrease would be in the following river basins 
(and amounts): Upper Colorado (0.4 million acres), Columbia-North 
Pacific (0.3 million acres), California-South Pacific (0.2 million acres), 
Missouri (0.2 million acres) and Rio Grande (0.2 million acres). 
In summary, the price of water is assumed to increase to $15.00 
under Model Al and in conformance with the national objective function, 
the projected mix of crops within the annual crop category changes and 
the proportion of annual crops and hay and pasture changes. For example, 
compared with that in MOdel A, the total dryland acreage of all crops 
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would be 4.6 million acres higher and the total irrigated acreage would 
~e 4.6 million acres lower under Model Al. Under Al, compared with that 
1n Model A, projected dryland production of all crops in both the West 
and the East is substituted for irrigated production in the West. 
Unused ciOpland and hayland projected under MOdel Al are reported 
in Table 4.13. Total unused land would be 1.3 million acres fewer than 
that under Model A. In addition, 3.3 million acres more irrigable land 
would be switched to dryland production compared with that in MOdel A, 
and 0.5 million acres more cropland would be shifted to tame hay pro-
duction (Table 4.13). These changes are a result of the projected 5.5 
million acres increase in dryland tame hay and silages under MOdel Al. 
Consumptive use and supplies of wat~r by river basin 
Projected total water consumed under MOdel Al is 12.0 percent below 
that -of MOdel A. Compared with Model A, all river basins show a decrease 
in consumption, although the Arkansas-White-Red and Lower Colorado basins 
would have only slight decreases (Table 4.14). Water consumption would 
be reduced by 4.1 million acre feet per year in the Columbia-North Pacific 
basin, 2.4 million acre feet in the Missouri basin, 1.6 million acre feet 
in the Upper Colorado basin, 1.0 million acre feet in the Rio Grande 
basin, 1.0 million acre feet in the California-South Pacific basin, 0.9 
million acre feet in the Great Basin basin and by 0.4 million acre feet 
in the Texas-Gulf basin. 
No river basin would have a water deficit (Table 4.15) with a water 
price of $15.00. The Texas-Gulf basin still would use water desalting, 
however, because enough surface runoff water would not be available in 
water supply region 51. Thus, with the higher water price, the basin 
as a whole would have a small surplus, but water supply region 51 in the 
basin would have a deficit. The Great Basin and Lower Colorado basins 
would have a relative scarcity of water. As is true under Model A, the 
Columbia-North Pacific basin has the largest projected water suplus, 
followed by the Arkansas-White-Red and Missouri basins. 
Under MOdel Al, 36.0 percent of the projected total water supply 
would be required for consumptive uses in 2000. For publicly developed 
projects, the cost of most farm supplies of irrigation water currently 
is in the form of a fixed cost based on water rights and amortized re-
payment schedules. In construction of MOdel Al, a marginal cost is 
added to the water charge to make the cost of surface runoff water at 
least $15.00 per acre foot in every water supply region. This higher 
price would reduce the quantity of water demanded within the national 
optimization of the programming model's objective function and release 
11.4 million acre feet for other uses. In other words. the quantity of 
water demanded could be changed by an appropriate scheduling of water 
costs for farm users, allowing a substitution of nonirrigated land for 
water in attaining a given production level. 
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Model A2: Free market, 300 million population, $22.50 water price and 
trend technology in 2000 
This policy model is the same as Model Al except that the water 
price is even higher than under that in Model Al. Farmers in the 17 
Western States would pay at least $22.50 per acre foot for surface run-
off used for irrigation or livestock production. 
Total acreage and distribution of dryland and irrigated crops 
The dryland acreage of annual crops would be 0.6 million acres more 
under Model A2 than that under Model A (Table 4.16). The dryland acreage 
of wheat would decrease under Model A2. Dryland acreages of all other 
crops would increase as compared with those in Model A. The dryland 
acreage of annual crops in the following river basins would not change 
from that in Model A: Upper Colorado, Lower Colorado and Rio Grande. 
Compared with that in Model A, the following river basins would show a 
decrease in the dryland acreage of annual crops: Middle Atlantic, Great 
Lakes, Upper Mississippi, Missouri and Lower Mississippi (which would 
have the largest decrease, 1.1 million acres). All other river basins 
would show an increase compared with Model A. In the East, the largest 
. projected increases in the dryland acreage of annual crops are in the 
South Atlantic-Gulf (0.7 million acres) and the Souris-Red-Rainy (0.8 
million acres) basins. In the West, the California-South Pacific basin 
would have the largest increase, 1.3 million acres. 
River basins with the largest increases in the projected dryland 
acreage of tame hay and silages include most of those with decreases in 
the dryland acreage of annual crops: South Atlantic-Gulf, Great Lakes, 
Upper Mississippi, Lower Mississippi, Missouri, Arkansas-White-Red and 
Columbia-North Pacific. The largest projected increase is 2.6 million 
acres in the Missouri basin (compare Table 4.3 with Table 4.17). Com-
pared with that in Model A, only the Souris-Red Rainy basin would show 
a decrease while the Tennessee and Rio Grande basins would show no change 
in the dryland acreage of annual crops shown in Table 4.16. The dryland 
acreage of tame hay and silages under Model A2 would exceed that of 
Model A by 10.3 million acres and that of Model Al by 4.8 million acres. 
The dryland acreage of wild hay and pasture under Model A2 would change 
very little from that of Model A (Table 4.17). Under Model A2, the 
effect of the increase in water price on the substitution of dryland 
production for irrigated production would be evident. 
Compared with that in Model A, the irrigated acreage of annual crops 
would be 1.1 million acres fewer under Model A2, since at the higher 
water price land would be substituted for water (Table 4.18). This 
decrease would be shared by all annual crops except soybeans and all 
river basins except the California-South Pacific basin. Compared with 
that of Model A, dryland production would be substituted for irrigated 
production. Also the projected crop mix would change, with dryland 
and irrigated acreages of wheat and dryland acreage of tame hay and 
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silages declining relatively (Table 4.19). A reduction of 6.4 million acres 
of tame hay and silages is projected under Model A2, compared with that in 
Model A. Including wild hay and pasture, irrigated forage acreage would 
decline by 9.0 million acres under Model A2. In other words, when the price 
of water is raised from the implied level of Model A to $22.50 per acre foot 
under Model A2, projected acreage of irrigated land in the 17 Western States 
would decrease by 10.1 million acres. Over 90 percent of this total decrease 
would take place in the irrigated acreage of forage crops. Considering all 
irrigated forage crops, the following river basins (acres in parentheses) would 
show the largest decreases: Missouri (2.5 million), California-South Pacific 
(1.9 million), and Upper Colorado (1.0 million). The irrigated acreage of 
fruits, nuts, rice and vegetables under Model A2 would be the same as under 
Model A. The amount of cropland available for annual crops but shifted to 
tame hay production under Model A2 would be about the same as that under 
Model A (Table 4.20). Irrigated land would decrease by 10.1 million acres. 
Again, with the national objective function of Model A2, land without 
irrigation would be substituted for water and irrigated land as the water 
price is increased to $22.50 per acre foot. With the projected decline in 
yield on formerly irrigated land, as compared with that in Model A, a larger 
national acreage of crops is required to meet the restraints of the regional 
food demand equations. Consequently, the unused land category would be 
smaller under Model A2 than under either Model Al or Model A. 
~onsumptive use and supplies of water by river basin 
Under Model A2, total consumptive use of water would decline by 25.5 
million acre feet per year as compared with that in Model A and would be 
3.2 million acre feet less than the 1965 actual level (Table 4.21). The 
following river basins (and amounts in acre feet) have the largest reduc-
tions in projected water consumption: California-South Pacific (7.2 
million), Columbia-North Pacific (5.9 million), Missouri (5.7 million) 
and Upper Colorado (2.4 million). Since only 30.0 percent of the estimated 
water supply would be used under Model A2, 167.5 million acre feet is sur-
plus (Table 4.22). No river basin would have a water deficit, but both 
the Lower Colorado and Texas-Gulf basins would have relative water scarcities. 
Of the 3.7 million acre feet surplus projected for the Upper Colorado, 
much could be used in the Lower Colorado via the Colorado River. Desalt-
ing still would be used, under Model A2, in water supply region 51 of the 
Texas-Gulf basin to satisfy projected nonagricultural water demands. A 
surplus is projected, however, for the basin as a whole. Under Model A2 
' even the Great Basin would have a surplus of 1.0 million acre feet. As 
noted for the previous policy models, the Columbia-North Pacific basin 
has the largest projected surplus, 104.8 million acre feet per year. 
The insertion of a $15.00 water price into the analysis (Model Al) 
would cause land devoted to crops without irrigation to be substituted for 
irrigation water and would release 11.4 million acre feet of water per 
year for other uses. An increase in the water price by 50.0 percent to a 
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m~n~mum of $22.50 (Model A2) would cause an even greater release of water. 
The 50 percent increase in water price under Model A2 would increase the 
water released from agriculture to 25.5 million acre feet per year, or 
24.0 percent more than that under Model Al. In other words, the same level 
of national food production would be attained under the several water prices, 
but as water price increases, demand for water would decrease and demand for 
unirrigated land would be augmented. An accentuated regional shift in 
crop production into states east of the Missouri River and away from the 
17 Western States is projected as the substitution of land for water is 
extended under the $22.50 water price. 
Model A3: Free market, 300 million population, $30.00 water price and trend 
technology in 2000 
Model A3 with a water price of $30.00 represents the final water price 
variation of Model A. Model A3 and the three previous policy models pro-
vide points on a demand curve for agricultural water in the West. Also, the 
projected substitution rates between water in the West and land employed 
for rainfed crops in the East and the West can be evaluated. 
Total acreage and distribution of dryland and irrigated crops 
Compared with that in Model A, the dryland acreage of wheat would de-
cline 6.5 million acres under Model A3. Projected dryland acreage is the 
same for sugar beets and decreases 1.4 million acres for grain sorghum. 
Dry1and acreages of all other crops would be higher (Table 4.23) than those 
projected under Model A. A substitution of dryland production for irri-
gated production again would occur. Compared with that in Model A, the 
following river basins would have a larger dryland acreage of annual crops 
under Model A3: New England, South Atlantic-Gulf, Ohio, Tennessee, Souris-
Red-Rainy, Arkansas-White-Red, Great Basin, Columbia-North Pacific and the 
California-South Pacific. The Rio Grande, Upper Colorado and Lower Colorado 
river basins show no projected change. The following river basins would 
have decreases: Middle Atlantic, Great Lakes, Upper Mississippi, Lower 
Mississippi and Texas-Gulf. The California-South Pacific basin has the 
largest projected increase in dry1and acreage of annual crops, 1.8 million 
acres, and the Texas-Gulf basin has the largest projected decrease, 4.3 
million acres. 
Projected locations of annual crops under Model A3 are shown in Figures 
4.10, 4.11 and 4.12. In general, the locations of both dryland and irri-
gated wheat would be the same as those under Model A, except that irrigated 
acreage would be less (Figure 4.10). The change between Model A3 and Model 
A is more apparent for feed grains and soybeans. Not only is the projected 
irrigated acreage of feed grains and soybeans less, but the projected dry-
land acreage is even more concentrated in the East, especially in the 
U-shaped belt running through the Corn Belt and Great Lakes and in Texas. 
Also, the dry1and acreage of annual crops would increase significantly over 
a broad area stretching from the Corn Belt to Texas (Figure 4.11). Pro-
jected locations of dryland and irrigated acreages of cotton and sugar 
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beets are nearly identical with those of Model A (Figure 4.12). As for the 
previous policy models, the optimal solution under Model A3 indicates a 
shift of cotton acreage from the Southwest to the Southeast. With a water 
price of $30.00 per acre foot, the shift would be augmented as compared 
with the water price levels ofModelsA, Aland A2. As noted for Model A, 
however, an optimal land and water use pattern at the national level in the 
year 2000 under assumptions of a free market also would specify a shift of 
cotton acreage from the Southwest to the Southeast. This shift conforms 
with a projected reduced use of irrigation for cotton production as it 
would move back into the Southeast. This pattern would be the most efficient 
national use of land and water under the assumptions of Model A3, which 
specify attainment of the nation's food and fiber needs at minimum factor 
cost (or, from a national standpoint, the most profitable production 
pattern in meeting a specific set of demands). 
The solution is most evident for dryland acreage of tame hay and 
silages, which would increase by 16.4 million acres over that in Model A 
(Table 4.24). Both the Souris-Red-Rainy and Arkansas-White-Red basins 
would have a reduced dryland acreage of tame hay and silages under Model 
A3, but both of these basins would have a higher dryland acreage of annual 
crops under Model A3 (Table 4.23). The Rio Grande and Lower Colorado basins 
would show no change from Model A. All remaining river basins would have 
larger dryland acreages of tame hay and silages under Model A3. The river 
basins with major increases in projected dryland acreages of tame hay and 
silages (and amounts in acres) are: Texas-Gulf (4.4 million), Missouri 
(3.9 million), Columbia-North Pacific (2.5 million), Middle Atlantic (1.0 
million) and the Great Lakes (1.0 million). The projected locations of 
dryland and irrigated hay production under Model A3 are shown in Figure 4.13. 
Compared with that in Model A, there would be significant shift of hay 
acreage from the states west of the Northern Plains to the Northern Plains 
and western Corn Belt states. Irrigated acreage of hay would be signi-
ficantly lower under the higher water price of Model A3. 
Irrigated land projected under Model A3 is shown in Table 4.25 for 
annual crops and in Table 4.26 for tame hay and silages. As compared with 
that in Model A, the irrigated acreage of annual crops would decline by 
2.1 million acres and the irrigation acreage of tame hay and silages would 
decline by 8.6 million acres under Model A3. (See Figures 4.10, 4.11, 4.12 
and 4.13 for the locations of irrigated crops under Model A3.) Irrigated 
acreages of wild hay and pasture would decline by 4.2 million acres under 
Model A3 (Table 4.26). The projected location of irrigated pasture under 
Model A3 (Figure 4.14) is mainly in California, Idaho, Utah, Nebraska and 
Kansas, essentially the same as that under Model A. The projected irrigated 
acreage of fruits, nuts, rice and vegetables is the same as for Model A 
(Table 4.5). The largest reductions in acreages of irrigated annual crops 
would occur in the Missouri, Arkansas-White-Red and Columbia-North Pacific 
river basins. For all irrigated hays, silages and pasture, the largest 
projected acreage reductions are in the following river basins (amounts 
in acres): Coulumbia-North Pacific (3.9 million), Missouri (3.8 million) 
and California-South Pacific (2.4 million). 
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With an assumed water price of $30.00 per acre foot under Model A3, 
total irrigated land in the West would decline by 14.9 million acres and the 
national dryland acreage of all crops would increase by 14.9 million acres, 
compared with those in Model A. Considering only the crops that use crop-
land and hayland (excluding wild hay and pasture), 14.6 million acres of 
dryland crops would substitute for 10.7 million acres of irrigated land 
and 26.8 million acre feet of water as compared to those in Model A. 
Unused cropland and hayland under Model A3 are reported in Table 4.27. 
Total unused land would decline by 3.9 million acres between Model A and 
MOdel A3 because a further substitution of land for water would occur over 
the nation. Under Model A, over 7 million acres of irrigable cropland and 
irrigable hayland would switch to dryland production. Also, 49.3 million 
acres of cropland either currently in land retirement programs or currently 
used for annual crops production would be shifted to tame hay production. 
Under Model A3, compared with those in Model A, an additional 9.7 million 
acres of irrigable land would be switched to dryland production, and an 
additional 2.9 million acres of cropland would be shifted to tame hay 
production. The Middle Atlantic and South Atlantic-Gulf basins would 
account for more than three-fourths of increased dryland acreage of all crops. 
The Missouri basin has almost a third of the projected decrease in irri-
gated land (4.2 million acres) under Model A3. The projected location of 
unused land under MOdel A3 is shown in Figure 4.15. Compared with that in 
Model A, unused land would be more dispersed throughout the southwestern 
United States. 
Consumptive use and supplies of water by river basin 
Compared with Model A, total water consumption would decline by 36.2 
million acre feet per year (Table 4.28). Also, as a result of a higher 
water price, water consumed under MOdel A3 would be 13.9 million acre feet 
less per year than the actual 1965 use. The largest projected decreases 
in agricultural water consumption are in the following river basins (and 
amounts in acre feet): Columbia-North Pacific (9.6 million), California-
South Pacific ( 9.6 million) and Missouri (8.4 million). Only 25.5 per-
cent of the total estimated water supply in the 17 Western States would 
be consumed under MOdel A3. In other words, as the price of water is in-
creased to $30.00 per acre foot (for surface runoff), 36.2 million acre 
feet per year would be released from irrigation and livestock production 
and would be available for other uses. 
As shown in Table 4.29, 178.3 million acre feet of water would be 
surplus under MOdel A3. None of the river basins would have a water deficit. 
However, in water supply region 51 of the Texas-Gulf basin, water for 
municipal and industrial consumptive uses would require water desalting to 
satisfy total requirements. Even the Lower Colorado basin would have a 
water surplus of 1.0 million acre feet per year. The Columbia-North Pacific 
basin again has the largest projected surplus, over 60 percent of the total 
surplus in the 17 Western States. The projected water supply-demand situ-
ation under MOdel A3 is shown in Figure 4.16. As indicated by Figure 4.9, 
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under Model A, the water supply would be exhausted in 22 water supply 
regions. Under Model A3 with the higher water price, the water supply 
would be exhausted in only 12 water supply regions. Under both Model A 
and MOdel A3, the water supply would be completely exhausted in all water 
supply regions in the Great Basin river basin. Thus, ample water exists 
for projected nonfarm uses and the nation could readily meet its food 
demands in 2000 through the substitution of land for water. 
Demand summary 
Figures 4.17 and 4.18 and Tables 4.30 and 4.31 summarize projected 
land and water use for agricultural purposes under the four policy models 
of the preceding sections (MOdel A, Model Al, MOdel A2 and Model A3). The 
results from Model A and the three price variation policy models provide 
information on (1) the projected demand curve for water in the 17 Western 
States and (2) the possible substitutions between land used for rainfed 
crops in the East for water (irrigated production) in the West and rainfed 
production in the West for irrigated production in the West. A third 
possible substitution, irrigated production in the East for irrigated pro-
duction in the West, is not evaluated in the present study. 
The projected demand curve for water in the 17 Western States is shown 
in Figure 4.17.5 Given the points on the curve and the formulation of the 
programming model which underlie them, the arc price elasticities of demand 
5The curve in Figure 4.17 is drawn as a smooth curve although there 
are only four points shown on this curve. It is not entirely valid to join 
point A with the other three points because the assumptions behind Model A 
are not entirely consistent with the three price variation policy models. 
Recall that under the price variation policy models, farmers must pay at 
least a certain amount for surface runoff water (i.e., $15.00, $22.50 and 
$30.00). Under MOdel A, present prices for water in 2000 are assumed. To 
make Model A completely consistent with the price variation policy models, 
and make the demand curve more correct, farmers should have been required 
to pay at least $7.50 per acre foot for water in every water supply region. 
Additional points below point A could then have been derived by assuming 
farmers pay at least $2.50 or $1.50, etc. 
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for water can be calculated and are shown in Table 4.32. 6 
Table 4.32. Arc elasticity of demand for water for the demand curve in 
Figure 4.17. 
Segment Arc elasticity 
A3 - A2 -1.683 
Az - A 1 -1.012 
Al - A -0.329 
These elasticities have the following interpretation: On the lower 
portion of the demand curve (A1- A) in Figure 4.17, a 1.0 percent increase 
in the water price is associated with a decrease of 0.329 percent in the 
quantity of water used in agriculture. On the higher portion of the demand 
curve (above Al), a 1.0 percent increase in the water price results in a 
decrease of more than 1.0 percent in the quantity of water purchased or used. 
The segment of the curve below point Al (Figure 4.17) is inelastic and the 
portion above is elastic. The curve in Figure 4.17 is a normative demand 
function expressing the response of agriculture to an increase in the price 
of water used for irrigation and livestock production. For a water scarce 
area, a similar curve could be derived to suggest the level of water price 
required to release water for higher priority uses. In the optimizing sense 
of the programming model employed, the curve suggests the rate of appropriate 
water pricing policies in potential rearrocations of water use in the 17 
Western States and the reallocation of land use both within these States and 
between them and the rest of the nation. 
As the water price is increased (i.e., Model Al, Model A2 and Model A3), 
land and its production in the East would be substituted for water and its 
6The demand curve in Figure 4.17 expresses the projected relationship 
between water price and water used in the West for livestock, annual crops, 
tame hay and silages, wild hay and pasture. Water for fruits, nuts, rice 
and vegetables and nonagricultural water requirements are not reported in 
Figure 4.17 as water used, since the amount for these purposes does not vary 
between the policy models under consideration. 
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production in the West. Also, the same type of land-water substitution in 
the West would occur. These two types of substitutions are shown clearly 
in Figure 4.18 and Tables 4.30 and 4.31. Movement from right to left along 
the demand curve in Figure 4.17, (i.e., points A, Al, A2 and A3) conforms 
with movement between the points on the different demand curves in Figure 
4.18 (i.e., points D1, D2, D3 and D4). In other words, as the water price 
in the West rises, the demand curve for land us7d in annual crop and tame 
hay production in the East shifts to the right. Nationally, dryland pro-
duction in the East would be substituted for irrigated production in the 
West as the water price rises. The second projected substitution, dryland 
production in the West for irrigated production in the West, is shown in 
Tables 4.30 and 4.31. As the price of water rises, total dryland acreage 
of annual crops and tame hay and silages in the West would increase by 10.5 
million acres. Total irrigated acreage of annual crops, tame hay and 
silages, wild hay and pasture would decrease by 14.9 million acres. Exclud-
ing wild hay and pasture, total irrigated acreage would decrease by 10.7 
million acres in the West. 
In summary, When the price of water increases to $30.00 per acre foot, 
total irrigated land in the West would decrease 14.9 million acres; total 
irrigated acreage of annual crops and tame hay and silages would decrease 
by 10.7 million acres. At the same time, total dryland acreage of annual 
crops and tame hay would incr~e by 4.0 million acres in the East and by 
10.5 million acres in the West. When one acre is removed from irrigated 
production in the West, on the average, one acre dryland production would 
replace it. The replacement acre would be composed of about one-third of 
an acre in the East and two-thirds of an acre in the West. This projected 
one-to-one substitution is possible because (1) the mix of annual crops 
would change (e.g., wheat would decrease relative to corn for grain) and 
(2) the relative mix of hays to grain would change. 
Alternative Policy Models with 280 Million Population 
Four alternative policy models, all using 280 million population are 
analyzed in this section. The first policy model analyzed, Model B, is the 
same as Mo.del A except that a lower level of population is used. The second 
policy model, Model E, incorporates the lower population and full compara-
tive advantages of free market condition with the elimination of insecti-
cides in corn and cotton production. The third policy model, Model F, 
assumes that all fragile lands would be removed from crop production, and 
the final policy model, Model C, simulates an annual land retirement program 
similar to the wheat, feed grain and cotton programs used during the period 
1961-71. 
7only points o1 , D2 , o3 and o4 in Figure 4.18 are generated from the 
programming model. Smooth curves have been drawn through each point for 
illustrative purposes only. In actuality the demand curves may be more 
inelastic than those shown, but given time and resources available, addi-
tional points on these curves were not estimated. 
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Model B: Free market, 280 million population, present water prices and 
trend technology in 2000 
This is the fifth full comparative advantage 
model analyzed using a given set of technologies. 
A except a lower population of 280 million people 
and free market policy 
It is the same as Model 
(D level) is used. 
Total acreage and distribution of dryland and irrigated crops 
With a lower population in 2000 (280 million as compared to 300 million 
under Mbdel A and its variants), the projected dryland acreage of annual 
crops would decrease by 12.2 million acres or by 6.4 percent (Table 4.33). 
The dryland acreage of wheat, however, would increase 4.9 million acres and 
the dryland acreage of oats would decrease by 9.0 million acres. The dry-
land acreage of corn for grain would decrease by 3.6 million acres, soybeans 
by 3.1 million acres and grain sorghum by 1.7 million acres, as compared 
with Mbdel A. More wheat would be used for livestock feed under Model B 
than under Model A. Thus the dryland acreage of wheat would increase and 
dryland acreages of other grains would decrease. The following river basins 
have the largest projected decrease in dryland acreage of annual crops: 
Missouri, Upper Mississippi, Middle Atlantic, South Atlantic-Gulf, Ohio and 
Arkansas-White-Red. The Souris-Red-Rainy basin has a projected increase in 
the dryland acreage of annual crops. The New England, Lower Mississippi, Rio 
Grande, Upper Colorado, Lower Colorado, Columbia-North Pacific, Great Basin, 
Tennessee, Great Lakes and California-South Pacific basins would have little 
or no change compared with Mbdel A. 
Figures 4.19, 4.20 and 4.21 show the projected locations of annual 
crops production for Model B in 2000. Under Model B compared with Model A 
the acreage of wheat would increase in North Dakota and Minnesota (Figure 
4.19) and the acreage of feed grains would decrease in these same areas 
(Figure 4.20). Under Mbdel B, as under Model A, there would be a shift of 
cotton acreage to the Southeast (Figure 4.21). 
Under Model B, projected dryland acreage of tame hay and silages is 
22.5 million acres or 20.8 percent below that projected in Model A (Table 
4.34). The Missouri basin would have a decrease of 13.3 million acres, the 
Ohio basin a decrease of 3.1 million acres, the Arkansas-White-Red would 
have a decrease of 1.8 million acres and the Great Lakes a decrease of 1.6 
million acres. The South Atlantic-Gulf, the Souris-Red-Rainy and Arkansas-
White-Red basins each would have a decrease of 1.1 million acres, and the 
Texas-Gulf basin would have a decrease of 0.6 million acres, compared with 
Model A. The Upper Mississippi basin would have an increase of 1.0 million 
acres. The remaining river basins would show little or no change from 
Mbdel A. The projected location of the tame hay and wild hay acreage under 
Model B is shown in Figure 4.22. Compared with Model A, there would be much 
less hay production in the Missouri river basin. 
The projected irrigated acreage of annual crops under Model B would be 
nearly the same as under Mbdel A (Table 4.35). This projected constancy in 
irrigated acreage is possible because of the lower population used in Model B 
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and a conforming reduction in water needed for municipal and industrial uses. 
At the same time that more water would be available for agricultural uses, 
the relative availability of land under rainfed production would be increased 
in both the East and the West. Projected irrigated acreages of annual crops 
are shown in Figures 4.19, 4.20 and 4.21. 
The projected irrigated acreage of tame hay and silages would be 1.1 
million acres lower (Table 4.36) and the decrease would be spread uniformly 
over the 9 western river basins. Irrigated acreages of wild hay and pasture 
would be nearly the same as under Model A. Projected irrigated acreages of 
tame and wild hay and pasture are shown in Figures 4.22 and 4.23, respectively. 
The irrigated acreage of fruits, nuts, rice and vegetables would decline 
slightly because of the smaller population (Table 4.36). The large projected 
decrease in cropland and hayland requirements (and thus a large increase in 
unused land), under Model B, indicates the sensitivity of farm output to 
livestock feed requirements and total food needs as related to population. 
Under Model B, the projected number of beef cows is 5.6 million less than 
under Model A (Table 4.70). Production of other livestock also would be 
lower, as would food and industry requirements generally. In total, 34.6 
million fewer acres of cropland and hayland would be utilized for the smaller 
population projected under Model B. 
Fifty-one million acres of cropland and hayland would be unused with 
the 280 million population of Model B (Table 4.37). Of the total projected 
unused land, 25.6 million acres would be available for annual crop or tame 
hay production and an additional 25.3 million acres would be available for 
tame hay production only. The greatest projected change is in the Missouri 
basin where 17.1 million acres of cropland and hayland would be unused 
under Model B compared with 0.4 million acres unused under Model A. Com-
pared with Model A, 0.3 million acres more of irrigable land would be 
switched to dryland production but 6.5 million acres less land either currently 
used for annual crop production would be shifted to tame hay production. 
The projected location of unused crop and hayland under Model B is 
shown in Figure 4.24. Compared with Model A, much more unused land would 
be located along the Eastern Seaboard and in the southwestern United States. 
In addition, there would be a concentration of unused land in a belt exten-
ding from Texas to North Dakota and South Dakota as the acreage of unused 
cropland and hayland would increase to 51.0 million acres under the smaller 
projected food and fiber requirements of Model B. 
With a population of only 280 million iri the year 2000, the projected 
surplus capacity of agriculture promises to approach that of the 1961-70 
period, when an annual average of 56.0 million acres of cropland were idle 
under federal supply control programs. While a reduced population growth 
rate is posed by some as a necessary future means to retain environmental 
quality, the projected lower food demand would pose a long-run continuation 
of price and income problems for the agricultural sector. With the pro-
jected 51.0 million acres of landnot used to meet food demand for the 280 
million population in 2000, capacity would exist to alter land and water 
use for agriculture so that this sector would not add to environmental 
deterioration even under a population considerably greater than at the present. 
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Consumptive use and supplies of water by river basin 
Projected withdrawals and consumptive use of water under Model B are 
shown in Table 4.38. Compared with Model A, total water consumed would be 
5.3 million acre feet fewer per year or 5.4 percent less. Only 38.4 percent 
of the total estimated water supply would be consumed. And none of the 
river basins would be water deficit (Table 4.39). The Texas-Gulf basin, a 
water deficit area under Model A, would have a surplus of 0.9 million acre 
feet per year under Model B. The projected water supply-demand situation 
under Model B is shown in Figure 4.25. Under Model B, water supplies would 
be exhausted in 17 water supply regions compared with 22 water supply regions 
under Model A. Water supplies would be exhausted in the Great Basin and 
Lower Colorado river basins, southern California, Nebraska, northern Kansas 
and in the High Plains areas of Oklahoma and Texas. 
Supply potential and policy alternatives 
The projections to 2000 under Model B indicate an even larger land and 
water surplus than under Model A. As we outline in a later section, farm 
commodity prices are projected to be low under Model B, with 51.0 million 
acres of unused cropland and hayland. Thus, even with the presently low 
prices paid by farmers for water in the West, the nation could readily 
meet its food and fiber demands and release some water for higher priority 
uses if or as the need arises. 
But even with the higher population of 300 million in 2000 (Model A, 
Model Al, Model A2 and Model A3), domestic food and fiber and export require-
ments at the levels projected would not cause demand to press against avail-
able land and water resources. As summarized in our discussion of land 
supplies used in this study, other researchers have estimated that from 40 
to 150 million acres of new land could be brought into production if needed. 
And as indicated by the price variation policy models, an additional 11.4 
million acre feet per year of water could be made available for other uses 
with a water price of $15.00 per acre foot, an additional 25.5 million 
acre feet with a water price of $22.50, and an additional 36.2 million acre 
feet with a water price of $30.00. Hence, even with higher population and 
exports than used in this study, land and water still might be in surplus 
in 2000. The situation could change with much greater population and export 
requirements than projected. With present concerns about population and 
environmental balances, however, the population in 2000 could be lower than 
300 million. Hence, with the prospect of continued large or surplqs food-
producing capacity in the future and the potential prospect for continued 
"low" prices in agriculture, in the following sections we project and 
evaluate the effects of insecticide limitations, the removal of fragile 
lands and an annual land retirement program on land and water use under the 
280 million population in 2000. 
----------------
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Model E: Free market, insecticide limitation, 280 million population, 
present water prices and trend technology in 2000 
Model E is the same as Model B except that insecticides are eliminated 
in corn grain, corn silage and cotton production. Using available data on 
application rates and costs of insecticides, acreages treated with insec-
ticides and crop damage in the absence of insecticides, new cost and yield 
coefficients were developed and used in the programming model.8 Thus, 
Model E measures the projected impact on land and water use and farm prices 
should insecticides be eliminated in corn and cotton production in attempts 
to improve the quality of the environment. 
Totalacreage and distribution of dryland and irrigated crops 
Nationally, compared with Model B, the dryland acreage of annual crops 
would increase 2.2 million acres under ModelE (Table 4.40). The dryland 
acreage of corn would increase 1.0 million acres and the dryland acreage of 
oats would increase 0.6 million acres, in response to the insecticide limi-
tation. The dryland acreage of soybeans would decrease 0.9 million acres, 
the dryland acreage of grain sorghum would decrease 0.7 million acres and 
the dryland acreages of cotton and sugar beets would decrease only slightly 
compared with Model B. Regionally, under Model E, the dryland acreage of 
annual crops would increase 1.3 million acres in the Upper Mississippi and 
0.4 milllion acres in the Missouri river basins. The projected dryland 
acreage of annual crops in remaining river basins shows only relatively 
small changes compared with Model B. 
The projected locations of dryland and irrigated corn acreages (grain 
and silage) are shown in Figure 4.26 for Model E and in Figure 4.27 for 
Model B. Compared with Model B, there would be an increase in the acreages 
of corn grain and silage in Iowa, Illinois, Indiana and Ohio (Corn Belt 
states) in response to the insecticide limitation. Even with projected 
lower yields due to increased crop damage from insects, the Corn Belt still 
would be the primary source of U.S. corn production. 
The projected locations of dryland and irrigated cotton acreages are 
shown in Figure 4.28 under Model E and in Figure 4.29 under Model B. 
Under Model E, there would be a small increase in the irrigated acreage 
of cotton in the West. The largest part of the projected U.S. cotton 
acreage, however, still would be in the Southeast even with the insecticide 
limitation. 
8 
· See Part III, "Yield and cost adjustments for the insecticide limita-
tion policy model," for an explanation of the methods used to adjust corn 
and cotton yields and production costs. 
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Nationally, under MOdel E, the dryland acreage of tame hay and silages 
would be only slightly higher than that of Model B (Table 4.41). Regionally, 
the largest projected increase in the dryland acreage of tame hay and silages 
would be in the Missouri river basin, 1.4 million acres. With Model E, the 
largest decrease in the dryland acreage of tame hay and silages would be in 
the Upper Mississippi river basin, 1.3 million acres, which also would have 
an increase in the dryland acreage of annual crops of 1.3 million acres. 
The projected dryland acreage of tame hay and silages in the remaining river 
basins show little or no change compared with Model B. The dryland acreages 
of wild hay and pasture under MOdel E would be slightly higher than under 
Model B (Table 4.41). 
With insecticides eliminated in corn and cotton production, the irri-
gated acreage of annual crops would increase 0.4 million acres (Table 4.42). 
Compared with Model B, the irrigated acreages of wheat, grain sorghum and 
cotton .would be higher under Model E. The projected irrigated acreage of 
corn grain would be lower. Regionally, under Model E, the projected irri-
gated acreage of annual crops would increase slightly in the following river 
basins: Missouri, Arkansas-White-Red and Great Basin. The irrigated acre-
age of cotton would be higher in the Texas-Gulf and California-South Pacific 
river basins under Model E. 
The projected irrigated acreages of tame hay and silages, wild hay 
and pasture under Model E show little or no change compared with Model B 
(Table 4.43). Under ModelE, the irrigated acreage of tame hay and silages 
would be 0.2 million acres higher in the California-South Pacific river 
basin and 0.1 million acres lower in the Great Basin river basin. 
When insecticides are eliminated in corn and cotton production, the 
projected acreage of annual crops increases. Thus, under Model E, unused 
cropland and hayland would be 2.9 million acres less than under Model B 
(Table 4.44). Regionally, the largest change in unused land would occur 
in the Missouri river basin which would have 2.0 million acres less unused 
cropland and hayland. 
The projected location of unused cropland and hayland under Model E 
is shown in Figure 4.30. Even with the insecticide ban, there still would 
be large amounts of unused cropland and hay1and along the Eastern Seaboard 
and in the northern part of the Northern Plains. 
Compared with Model B, the amount of land switched from irrigated to 
dryland production would be 0.2 million acres fewer under Model E. And 
land shifted (i.e., land either currently in land retirement programs or 
currently used for annual crop production) would be 0.4 million acres fewer 
under MOdel E. 
Consumptive use and supplies of water 
Projected withdrawals and consumptive use of water under Model E are 
reported in Table 4.45. Compared with Model B, total consumptive use of 
water would increase 1.3 million acre feet annually. Regionally, the 
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largest increase in consumptive use of water would be in the California-
South Pacific river basin, 1.1 million acre feet per year. Under ModelE, 
water for consumptive use also would be higher in the Missouri and the 
Rio Grande river basins but lower in the Lower Colorado river basin. 
The projected net water balance under MOdel E is reported in Table 4.46 
and Figure 4.31. Compared with Model B, there would be relatively few 
differences. In addition to the water scarce regions under MOdel B, water 
supply region 40 would use all available water for consumptive use under 
MOdel E. Other water scarce regions would be the traditionally lower rain-
fall regions of the nation. 
Supply potential and policy alternatives 
As expected, there is a smaller projected land and water surplus under 
MOdel E than under MOdel B. When insecticides are eliminated in corn and 
cotton production, more land would be cropped to maintain the previous 
levels of output, due to lower yields from locational shifts and the increased 
insect damage. Also, the total amount of water consumed would increase and 
farm prices would be higher under Model E than under Model B. In general, 
the projected price differences are in the expected direction but insigni-
ficant (Table 4.71). Resulting food costs also would be only slightly 
higher. Therefore, the costs in terms of additional resource use and 
higher food prices from insecticide limitations would not be significant. 
Farm prices would be only slightly higher. These conclusions follow from 
the results of MOdel E with a population of 280 million and with exports of 
farm products at 1967-69 levels. Should either the population or exports 
or both be higher than these levels, the results would be different. Land 
and water surplus would be smaller than indicated for Model E and farm 
prices and food costs would be higher. Under Model E, however, considerable 
slack still would exist in the farming sector to absorb further controls 
in attempts to "clean up" the environment. We next evaluate a farm policy 
that would remove fragile lands from potential crop uses. 
Model F: Free market, fragile lands removed, 280 million population, present 
water prices and trend technology in 2000 
Model F is the same as MOdel B except that fragile lands (i.e., blow 
lands, wash lands and wetlands) or lands that would have detrimental effects 
on the environment (quality of water and air, vegetative cover, wildlife, 
etc.) if subjected to agricultural uses are removed from the potential land 
base.9 In total, over 656 million acres of land are removed from the "normal" 
land base under MOdel F (Tables 3.1 and 3.2). Nearly 97 percent of this land 
currently is used for dryland pasture production. Generally, this land is 
low yielding. Since projected aggregate demand for farm products is the 
same under Model F and MOdel B, adjustments would take place in both the crop 
mix and location of production to maintain output. 
9see Part III, "Land restraints for the fragile lands policy model" and 
"Yield adjustments for the fragile lands policy model" for an explanation of 
the methods used to adjust the land base and crop yields for MOdel F. 
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Total acreage and distribution of dryland and irrigated crops 
Compared with Model B, the dryland acreage of annual crops would be 
6.8 million acres fewer under Model F (Table 4.47). The largest projected 
change is in the dryland acreage of wheat which would be 13.6 million acres 
less under MOdel F. The dryland acreage of grain sorghum would be 2.5 mil-
lion acres less, the dryland acreage of barley would be 1.6 million acres 
less and the dryland acreages of cotton and sugar beets would be only slightly 
lower under MOdel F. The dryland acreages of oats, corn grain and soybeans 
under MOdel F would increase by 7.8 million acres, 2.6 million acres and 0.7 
million acres, respectively. 
Regionally, the largest projected decreases in dryland acreages (and 
amounts) of annual crops under MOdel F would be in the following river basins: 
Missouri (2.6 million acres), Texas-Gulf (2.4 million acres), Arkansas-White-
Red (1.4 million acres) and Souris-Red-Rainy (1.3 million acres). Compared 
with MOdel B, the dryland acreages of annual crops would be higher in the 
Middle Atlantic, Ohio and South Atlantic-Gulf river basins. 
The irrigated and dryland acreages of wheat, feed grains and soybeans 
and cotton and sugar beets projected under MOdel F are shown in Figures 
4.32, 4.33 and 4.34, respectively. The most notable change in the projected 
location of the acreage of annual crops between MOdel F and MOdel B is the 
large decrease in wheat acreage and corresponding increase in feed grain 
acreage (oats and corn grain) in western North Dakota and northern Minnesota 
(Figures 4.32 and 4.33). Under MOdel F, the U.S. cotton acreage still 
would be concentrated in the Southeast but there would be a shift in the 
acreage of sugar beets to Nevada and Idaho from Michigan (Figure 4.34). 
With the removal from production of a large amount of pasture lands, 
the dryland acreage of tame hay and silages would increase by 18.2 million 
acres (primarily tame hay; Table 4.48). Under MOdel F, the dryland acreage 
of wild hay would be 0.4 million acres less and the dryland acreage of pas-
ture would be 580.2 million acres fewer than under MOdel B (Table 4.48). 
Regionally, under MOdel F, the largest projected increase in the dry-
land acreage of tame hay and silages would be in the Missouri river basin 
(8.5 million acres). No river basin would have a decrease in the dryland 
acreage of tame hay and silages under Model F. As shown in Figure 4.35, 
there would be substantial increases in the acreages of hay in the Missouri, 
Ohio and Texas-Gulf river basins under Model F. All river basins would have 
a decrease in the acreage of pasture under MOdel F (Figure 4.36). 
With the removal of fragile lands from crop production (primarily 
forage), there are small projected increases in the irrigated acreages .of 
annual crops (Table 4.49) and tame hay and silages (Table 4.50). The 
irrigated acreages of wild hay and pasture would be less than under MOdel B. 
Thus, there would be no net change in the total irrigated acreage of annual 
crops, hay and pasture under MOdel F. 
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The amounts and location of projected unused cropland and hayland under 
Model F are reported in Table 4.51 and Figure 4.38. Compared with Model B, 
unused cropland and hayland would be 30.9 million acres fewer. The amount 
of land switched from irrigated to dryland production would be nearly the 
same as under Model B. But an additional 7.3 million acres of land would be 
shifted from annual crops production to tame hay prodution under Model F 
in response to the large amount of fragile lands removed from pasture pro-
duction. (Of the more than 656 million acres removed from crop production, 
nearly 97 percent currently would be used for pasture.) 
The location of land considered as fragile lands under Model F is shown 
in Figure 4.37. In areas with large amounts of fragile lands, there would 
be a corresponding decrease in the amount of unused cropland and hayland 
under Model F. Thus, under Model F, there would be less unused cropland and 
hayland in the northern part of the Northern Plains (i.e., North Dakota 
and South Dakota), the Great Basin river basin, the Texas-Gulf river basin, 
the western part of the Arkansas-White-Red river basin, the southern part of 
the Upper Mississippi river basin, the western part of the Ohio river basin, 
the South Atlantic-Gulf river basin and the Eastern Seaboard (Compare 
Figure 4.24 with Figure 4.38). These are the same areas with large amounts 
of fragile lands (Figure 4. 37). 
Consumptive use and supplies of water by river basin 
Although the total irrigated acreage of crops would be unchanged from 
Model B, total water consumed is 1. 8 million acre feet per year higher under 
Model F (Table 4.52). Regionally, the largest projected increase in water 
for consumptive use is in the California-South Pacific river basin which 
would have an increase of 1.0 million acre feet annually. Under Model F, 
an additional 0.3 million acres of tame hay would be irrigated in this basin 
and, thus, water consumption would be higher. Compared with Model B, there 
would be a small decrease in the amount of water consumed in the Upper 
Colorado river basin. Remaining river basins show little or no change com-
pared with Model B. 
The projected net water balance under Model F is reported in Table 4.53 
and Figure 4.39. Under Model F, the available water supply would be fully 
depleted in 20 water supply regions, compared with 17 water supply regions 
under Model B. The three additional water supply regions that would be 
water scarce under Model F are numbers 15, 31 and 40. As a result of the 
removal of fragile lands, the level of water consumption would be higher 
than under either Model B or Model E. 
Supply potential and policy alternatives 
Even with the removal of a large quantity of fragile land from crop 
production, a large supply capacity still could exist in the year 2000. Since 
most of the fragile lands in the nation currently are used for extensive 
type crops such as pasture and since this land generally is lower yielding, 
the aggregate level of output could be maintained with a much smaller 
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increased use of higher quality cropland and hayland. The increase in con-
sumption of water also would be quite small. 
In general, farm prices would be about 12 percent higher if fragile 
lands were removed from crop production (Table 4.71). Correspondingly, food 
costs would be higher than those under either Model B or Model E. With 
fragile lands idled from crop production, wind and water erosion could be 
reduced considerably. However, since most of the fragile land already is 
used for extensive type crops such as pasture, the improved effect on the 
quality of the envionment would be less than if the fragile lands currently 
were used for row type crops. Improved vegetative cover could be estab-
lished, and the number of wildlife increased with removal of fragile lands 
from agricultural uses. Supply capacity would be reduced below the levels 
of Model B or Model E, farm prices and incomes would be higher and food costs 
would be higher. 
Much of the fragile lands which could be removed from production under 
Model F currently is owned by the government (Bureau of Land Management permit 
and lease lands and Forest Service lands). Thus, only a low level of 
government payments would be required to induce farmers to idle additional 
fragile lands not owned by the government. If even higher prices and incomes 
than achieved under Model F are the goal, additional land could be taken 
out of production on a whole-farm or whole-region basis (see, for example, 
2lb, 44, 46). Over the past decade, however, a partial-farm land retirement 
program has been the main tool of price and income support in agriculture. 
Hence, with the prospect of continued large or surplus food-producing capa-
city and the potential for "low" prices in agriculture even until the year 
2000, we next evaluate an annual land retirement program similar to the 
wheat, feed grains and cotton program actually used during the 1961-71 
decade. 
Model C: 45 million acre annual land retirement program, 2?0 million 
population, present water prices and trend technology in 2000 
This is the fourth and final policy model analyzed with 280 million 
population. It assumes that 45 million acres are retired in 2000 on a 
partial-farm basis with most areas of the nation sharing in supply control. 
The program simulated is like the annual wheat, feed grain and cotton pro-
grams used during the 1961-71 decade and does not allow land uses and crop 
production to be fully allocated among regions on a comparative advantage 
basis. The policy model forces some land retirement in all regions of the 
nation, but aside from this restraint, crop production can be allocated 
interregionally on a comparative advantage basis. 
A land retirement program that controls supply effectively is a means 
of substituting water in the 17 Western States for land in states east of 
the Missouri River (but with some substitution also of water in the West 
for land used under rainfed conditions in the West). Previous policy 
models allow land, especially in the East, to be substituted for water in 
the West in meeting food demands in the sense of a national economic opti-
mal pattern. Model B, with the lower population, indicates considerable 
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surplus food capacity and a surplus of 147.4 million acre feet of water for 
other uses. As compared to current water and land use programs and patterns, 
it allows land in the East to be substituted for water in the West. Model 
C forces the substitution of water in the west for rainfed production in the 
East (and also for some dryland production in the West) in meeting pro-
jected food needs for the 280 million population. Of course, this is the 
outcome of the agricultural and water policies of the 1960's: they reduce 
the supply of land for crops by payments which divert it from the food-
producing framework and use public investments to increase the supply of 
water for food production. 
The pattern of crop production under this policy model would be 
substantially different than that under any previous policy model. With the 
lower population, aggregate food demand is less than under Model A but is the 
same as under Model B. Under Model C, however, farmers are limited in the 
amount or acreage of certain crops they can harvest. In this specific policy 
model, crop acreages are tied to their 1964 base for wheat, feed grains and 
cotton. Thus the pattern of production should compare favorably with 1964 
and the spatial distribution of unused or retired land should parallel that 
of the 1961-71 decade. 
The primary purpose of a land-retirement program of the type simulated 
is price support through supply control. In a later section we analyze 
the expected farm prices under each of the nine policy models included in 
this study. But our general conclusion thus far has been that the outlook 
in 2000 is for continued large or even surplus capacity of American agri-
culture and continued "low" prices, especially under Model B (Table 4.71). 
With a land retirement program of the type simululated, farm prices could be 
raised substantially and commodity stocks could be effectively controlled. 
We wish to analyze how a program of this type might affect the agricultural 
demand for water in the year 2000 and the manner and extent it would alter 
the supply of water available for municipal and industrial uses. 
Total acreage and distribution of dryland and irrigated crops 
Compared with Model B, the dryland acreage of annual crops would decline 
by 10.7 million acres (Table 4.54). The dryland acreage of both wheat and 
barley would decline substantially, 21.6 million and 4.0 million, respec-
tively. On the other hand, dryland acreages of grain sorghum and soybeans 
would increase substantially, by 10.5 million acres and 13.1 million acres, 
respectively. Compared with Model B, the dryland acreage of annual crops 
would increase 12.5 million acres in the Missouri river basin, 3.9 million 
acres in the Arkansas-White-Red river basin and 2.3 million acres in the 
Upper Mississippi river basin. Dryland acreages of grain sorghum and soy-
beans would increase substantially in the Missouri and Arkansas-White-Red 
river basins. The acreage of soybeans also would increase in the Upper 
Mississippi river basin, and the acreage of grain sorghum would increase in 
the South Atlantic-Gulf river basin. Under Model C, farmers would feed less 
wheat, more of the other grains, more oilmeal and less forage than under 
either Model A or Model B. In tying crop production to a historic crop and 
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geographic base by supply control through land retirement, dispersed spatially 
over many regions and farms, a substantial change in the crop mix would re-
sult. Projected locations of acreages of annual crops under Model C are 
shown in Figures 4.40, 4.41 and 4.42. The production of each type of annual 
crop would be much more dispersed than that under any of the free-market 
policy models discussed previously. 
The dryland acreage of tame hay and silages would be 7.7 million acres 
fewer than under Model B (Table 4.55). Compared with Model B, large de-
creases in the dryland acreage of tame hay and sialges would occur in the 
Missouri, Arkansas-White-Red and Upper Mississippi river basins. Under 
Model C, large increases in the dryland acreage of tame hay and silages 
would occur in the Middle Atlantic, South Atlantic-Gulf and Ohio river basins. 
With an annual land retirement program, the irrigated acreage of annual 
crops would be 2.8 million acres higher than that projected under Model B 
(Table 4.56). Only the irrigated acreage of barley would be less than under 
Model B. Both the Missouri and California-South Pacific river basins would 
have increases of over a million acres in the irrigated acreage of annual 
crops compared with Model B. The irrigated acreage of annual crops in the 
Arkansas-White-Red basin would decrease by 0.4 million acres. (See Figures 
4.40, 4.41 and 4.42 for the locations of the irrigated acreages of annual 
crops under Model C.) 
Projected irrigated acreages of tame hay and silages, wild hay and pas-
ture under Model Care reported in Table 4.57. Under Model C, irrigated 
acreages of tame hay and silages, wild hay and pasture would be nearly the 
same as under Model B. 
In summary, under Model C, the dryland acreage of annual crops would be 
less than under Model A, but 10.7 million acres more than under Model B. 
The dryland acreage of wheat would decline substantially under Model C and 
dryland acreages of grain sorghum and soybeans would increase substantially as 
farmers (1) switch from feeding as much wheat and (2) are required to plant 
within their historic base. The dryland acreage of tame hay and silages 
would decrease by 9.9 percent from Model B. Under Model C, the irrigated 
acreages of hays, silages and pasture would increase only slightly but the 
irrigated acreage of annual crops would increase by 2.8 million acres, com-
pared with Model B. The projected location of dryland and irrigated acreages 
of annual crops under Model C compares favorably with 1964. 
As is expected, under Model C, all areas of the nation would have unused 
cropland (Table 4.58). Since farmers would be required to "set aside" part 
of their historic base under the supply control programs simulated, areas 
with large acreages of annual crops in the past would have the largest amounts 
of unused or idle land (primarily cropland). Since the irrigated acreage 
of annual crops would be higher under Model C than under any other policy 
model included in this study, 4.4 million acres less irrigable cropland and 
hayland would be switched to dryland production as compared with Model B. 
Also, under Model C, only 2.1 million acres of land available for annual 
crops would be shifted to tame hay production compared with 42.8 million acres 
under Model B. 
- 109 -
The projected location of unused land under MOdel C is shown in Figure 
4.43 and is widely dispersed over the nation compared with the comparative 
advantage and free market policy models in the previous sections (e.g;, 
compare Figure 4.24 with Figure 4.43). 
Consumptive use and supplies of water by river basin 
Since the irrigated acreage of all crops under MOdel C would be more 
than under MOdel B, the amount of water consumed for irrigation would be 
higher (Table 4.59). Over 40 percent of the total estimated water supply 
would be consumed under Model C. Relatively speaking, under Model C, the 
projected pattern of water consumed by crops parallels the 1965 actual pat-
tern. The total water consumed would differ from 1965, however, because 
of the larger municipal and industrial requirements projected for the Texas-
Gulf and California-South Pacific river basins in 2000. 
The projected supply-demand situation under Model C is reported in 
Table 4.60 and Figure 4.44. Total water consumed would be greater than 
under Model B and more water supply regions would be water-scarce (Figure 
4.44). Also, the pattern of water consumption would be slightly different 
under Model C than Model B. Under MOdel C, but not Model B, water supply 
regions 15, 31, and 40 would be water scarce. Under Madel B, but not Model 
C, water supply regions 36 and 41 would be water scarce. These projected 
differences are due to the acreage restrictions placed on farmers under 
Madel C and, hence, a shift in the projected location of irrigated acreage. 
But the net projected effect of the farm program evaluated under Madel C 
is a substitution of water (4.6 million acre feet annually) in the 17 Western 
States for previously dryland acreages in both the West and the East (MOdel B). 
Supply potential and policy alternatives 
Under MOdel B, a free market with 280 million population, farm prices 
generally would be lower than 1969 (Table 4.71). Thus, policy makers might 
consider a farm program, like the one evaluated with Model C, to raise farm 
prices. Under Model C, farm prices generally would be one-third higher than 
1969 and 50 percent higher than Madel B. With the annual land retirement 
program simulated, commodity stocks could be controlled to enhance farm in-
comes. Food costs, however, would be substantially higher than under Madel 
B and more water would be used in agriculture. At the same time, large 
government payments would be required to induce farmer participation in the 
price and income support program. In recent years, programs of the type 
simulated under Model C have required treasury payments of about $5 billion, 
including administrative costs (2). With a population of 280 million and 
exports of farm products near recent year levels in 2000, farm prices could 
be lower than the present, unless some type of supply control program were 
implemented. 
A Free Market Policy Model with 325 
Million Population and Advanced Technology 
Model D: Free market, 325 million population, present water prices and 
advanced technology in 2000 
Model D is the ninth and final policy model included in this study. 
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It differs from Model A in three respects. First, the population in 2000 
is assumed to 325 million (B level) rather than the 300 million (C level) 
used for MOdel A. Second, advanced technology is assumed for crops and live-
stock in the Southeast and for livestock across the entire nation. In gen-
eral, agriculture in the Southeast is assumed to "catch up" to agriculture 
in the Corn Belt by 2000. For livestock in the nation, average feed conver-
sion rates are assumed to approach levels now attained under research con-
ditions and the calving rate is assumed to increase considerably.lO Third, 
under Model D, the level of exports of farm products is assumed to be nearly 
twice as high as the 1967-69 average level incorporated into Model A. Com-
pared with Model A, egports of feed grains and wheat would be 83.0 percent 
higher and exports of oilmeals 120.0 percent higher.ll Thus, the combination 
of a higher population and higher exports under Model D would increase total 
demand for agricultural products to a maximum foreseeable level. 
Total acreage and distribution of dryland and irrigated crops 
The large increase in demand under Model D would result in sharply 
higher farm prices compared with Model A. In generaL Model D prices of crop 
commodities would be about 50 percent higher and livestock prices about 12 
percent higher (Table 4.71). With the higher projected demands, especially 
the export demand, the dryland acreage of annual crops would increase 29.7 
million acres or 25.2 percent more than under Model A (Table 4.61). The 
dryland acreage of soybeans would increase by 22.2 million acres, corn for 
grain would increase 12.8 million acres, and grain sorghum would increase 
1.4 million acres. Dryland acreage of barley would decrease 4.2 million 
acres, oats 1.1 million acres and wheat 0.9 million acres. The river basins 
(and amounts in acres) with large projected increases in the dryland acreage 
of annual crops would be: Missouri (17.7 million), Upper Mississippi (5.1 
million), Arkansas-White-Red (4.8 million), Souris-Red-Rainy (3.3 million), 
and South Atlantic-Gulf (2.6 million). The largest projected decrease in 
total dryland acreage of annual crops would be in the Texas-Gulf river basin, 
5.1 million acres. 
With the higher calving rate assumed under Model D, the number of beef 
cows would be 12.0 million head (39.0 percent) less than under Model A. 
Although the numbers of dairy cows and fed beef would increase due to the 
higher domestic demands, the total demand for forages would decrease some-
what. As a result, the dryland acreage of tame hay and silages would be 18.9 
million acres or 19.1 percent less than under Model A (Table 4.62). (The 
dryland acreage of tame hay decreases 20.1 million acres.) Compared with 
10see the section on "technological advance" in Part III for a 
complete description of the differences between trend technology of 
and advanced technology of Model D. 
more 
Model A 
11see the section on "international trade" in Part III for the actual 
levels of exports assumed under Model D. 
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Model A, the following river basins (and amounts in acres) show large pro-
jected increases in dryland acreage of tame hay and silages: Texas-Gulf 
(5.4 million), Middle Atlantic (4.4 million), and South Atlantic-Gulf (1.8 
million). The following river basins (and amounts in acres) show large 
projected decreases: Missouri (18.2 million), Arkansas-White-Red (5.9 mil-
lion), Upper Mississippi (5.1 million), and Souris-Red-Rainy (3.2 million). 
Remaining river basins show relatively small changes from Model A. The 
dryland acreages of wild hay and pasture would be nearly the same as under 
Model A (Table 4.62). In summary, under Model D, the dryland acreage of 
annual crops would increase substantially and the dryland acreage of tame 
hay and silage would decrease substantially. The increased food and fiber 
demands and advanced technology in the Southeast would result in an increase 
of over 5 million acres of dryland annual crops and tame hay and silage in 
the Southeast (South Atlantic-Gulf and Tennessee river basins). 
The irrigated acreage of annual crops under Model D would be 2.0 
million acres higher than under Model A (Table 4.63). The irrigated acreages 
of grain sorghum, oats and corn grain would decline while the irrigated 
acreages of all other annual crops would increase over Model A. The largest 
increases would be for irrigated wheat (0.9 million acres) and irrigated 
cotton (0.8 million acres). All river basins except the Texas-Gulf and Lower 
Colorado basins would have a larger irrigated acreage of annual crops under 
Model D. The largest increase in irrigated acreage of annual crops would 
be in the Great Basin river basin (1.8 million acres). 
The irrigated acreage of tame hay and silages under Model D would 
decline only slightly from Model A (0.8 million acres; Table 4.64). The 
irrigated acreage of tame hay and silages would increase the most in the 
Missouri river basin (0.3 million acres) and decrease the most in the Colum-
bia-North Pacific river basin (0.7 million acres). The irrigated acreages 
of wild hay and pasture under Model D would be nearly the same as under 
Model A (Table 4.64). 
Under Model D, only 4.5 million acres of cropland and hayland would 
remain unused (Table 4.65). Nearly 50 percent of the total unused land 
would be in the Great Lakes river basin and northeastern United States 
(Figure 4.45). Thus, nearly 12 million acres more would be used for annual 
crops and tame hay under Model D compared with Model A. Also, under Model 
D, 28.3 million acres less of cropland would be shifted to tame hay pro-
duction. And 0.5 million acres less of irrigable land would be switched to 
dryland production under Model D. Thus, the increased domestic and export 
demands under Model D would leave only a small amount of unused land. 
Consumptive use and supplies of water 
Compared with Model A, total water consumed would increase by 3.6 
million acre feet per year (3.7 percent). Water consumed by nonagricultural 
intake uses (municipal and industrial) would increase 1.9 million acre feet 
per year (Table 4.66). Forty-two percent of the total water supply would 
be consumed under Model D. 
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With the higher projected water consumption under Model D, there would 
be a water scarcity in the Rio Grande, Upper Colorado, Lower Colorado and 
Great Basin river basins (Table 4.67). The Upper Colorado river basin, how-
ever, would release 5.3 million acre feet of water into the Lower Colorado 
river basin. The Texas-Gulf river basin still would be water deficit due 
to the large nonagricultural water demand in water supply region 51. 
Under Model D, 24 water supply regions would be water scarce compared 
with22 regions under Model A (Figure 4.46). Water supply regions that would 
be water scarce under Model D but not MOdel A include regions 31, 47 and 48. 
Water supply region 37 would be water scarce under Model A but not Model D. 
Thus, under Model D, the entire southwestern United States would be water 
scarce. And regions presently using large amounts of ground water, i.e., 
Texas, Oklahoma, Kansas and Nebraska, would face water problems in 2000 with 
only projected surface water supplies available and the higher food and 
fiber demands of Model D. 
Supply potential and policy alternatives 
The projections to 2000 under Model D indicate a much smaller water 
and land surplus than under Model A. Farm commodity prices would rise sub-
stantially with only 4.5 million acres of unused land. As summarized in 
Part III, other researchers have estimated that from 50 to 150 million acres 
of new land could be brought into production if necessary. The farm price 
levels under Model D would encourage reclamation and development of these 
new lands. 
Even with the large food and fiber demands under MOdel D, the total 
irrigated acreage of 28.6 million acres would be less than the estimated 
1969 level of 38.5 million acres. Only 42.0 percent of the total water 
supply would be consumed, although four river basins would be relatively 
water scarce and one river basin, the Texas-Gulf basin, would be water-
deficit. Thus, additional water demands could be satisfied in many of the 
river basins. 
Model D incorporates domestic and foreign demands at a maximum fore-
seeable level. It also incorporates an accelerated rate of technological 
advance for crops and livestock in the Southeast and for livestock across 
the entire nation. Although nearly all the land presently cropped would be 
used, a considerable amount of water still would be in surplus. But current 
population trends and concern over the environment as well as the "green 
revolution" tend to negate these assumptions and make a lower population 
and much lower level of exports of farm products much more realistic. 
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Table 4.68. Summary of land use under the seven alternative policy models 
in 2000. 
Land use 
Total dryland 
Annual crops 
Tame hay & 
silages 
Wild hay & 
pasture 
T 1 . . d2 ota 1rr1gate 
Annual crops 
Tame hay & 
silages 
Wild hay & 
pasture & 
fruits, nuts, 
etc. 
Unused cropland 
& hay1and 
lrri.gable land 
switched 
Cropland shifted 
1964 
1 level 
1,154.8 
176.4 
52.7 
921.2 
31.3 
13.3 
7.5 
10.5 
55.5 
l Source: (93, 186). 
PolicJ:: model in 2000 
Model Model Model 
A Al A2 
-.Y~---
(million acres) 
1,22.7.1 1,231.8 1,238.3 
189.5 188.5 190.1 
99.1 104.7 109.4 
938.5 938.6 938.8 
27.2 22.6 17.2 
6.1 6.4 5.1 
10.9 7.3 /+. 5 
10.2 8.9 7.6 
16.4 15.1 12.9 
7.3 10.5 14.3 
L+9. 3 49.8 49.4 
2Estimated at 38.5 million acres in 1969. Source: (225' 226). 
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Policy model in 2000 
Model Model Model Model Model Model 
A3 B c D E F 
(million acres) 
1,242.0 1,191.9 1,197.0 1,237.8 1,194.7 622.8 
187.7 177.3 188.0 219.2 179.6 170.5 
115.5 77.8 70.2 80.2 78.0 96.1 
938.8 936.8 938.8 938.4 937.1 356.2 
12.4 26.0 29.2 28.6 26.5 26.4 
4.1 6.1 8.9 8.1 6.5 6.5 
2.3 9.8 10.1 10.1 9.9 10.3 
6.0 10.1 10.2 10.4 10.1 9.6 
12.5 51.0 44.9 4.5 48.1 20.1 
15.0 7.6 2.7 6.8 7.4 7.9 
52.1 42.8 2.1 21.0 42.4 50.1 
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Table 4.69. Summary of water use in the 17 Western States under the seven 
alternative policy models in 2000. 
Item 
Total withdrawals 
Total consumptive 
use 
Agriculture2 
Municipal &3 
indu~trial 
Other 
Total water supply 
Water released 
Surplus water 
1 Source: (216). 
1965 
1 level 
Policy model in 2000 
Model Model 
A Al 
(million acre feet per year) 
151.7 155.9 139.3 
76.0 97.3 85.9 
70.0 68.1 56.7 
6.0 22.6 22.6 
n.a. 6.6 6.6 
n.a. 239.4 239.4 
11.4 
n.a. 142.1 153.5 
2 Includes water consumed by crops and livestock. 
Model 
A2 
120.3 
71.8 
42.6 
22.6 
6.6 
239.4 
25.5 
167.6 
3 Includes water consumed by municipal and industrial uses, rural 
domestic, recreation, mining and thermal electric power. 
4 Includes water for fish and wildlife, wetlands, swamps and water 
exports. 
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Policy model in 2000 
Model Model Model Model Model Model 
A3 B c D E F 
(mill ion acre feet per year) 
105.0 147.1 154.6 163.3 151.7 151.7 
61.! 92.0 96.6 100.9 93.3 93.8 
31.9 64.3 68.9 69.7 65.6 66.1 
22.6 21.1 21.1 24.6 21.1 21.1 
6.6 6.6 6.6 6.6 6.6 6.6 
239.4 239.4 239.4 239.4 239.4 239.4 
36.2 
178.3 147.4 142.8 138.5 146.1 145.6 
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Table 4. 71. Average prices received by farmers for selected crops and 
livestock in the United States under the nine alternative 
policy models in 2ooo.l 
Actual Projected 2000 
19692 
Model Model Model 
Item Unit A Al A2 
Crop prices 3 Corn-sorghum dol. /bu. 1.12 1.10 1.13 1.19 
Barley-oats4 dol. /bu. 0.88 1.02 1.05 1.11 
Soybeans dol. /bu. 2.33 2.25 2.34 2.54 
Wheat dol./bu. 1.24 1.49 1.52 1.61 
Cotton dol. /lb 0.21 0.14 0.15 0.16 
Sugar beets dol. /ton n .. a. 8.62 8. 71 8.92 
Hay 5 dol. /ton 25.00 25.01 26.01 27.81 Silage dol. /ton n.a. 7.09 7.37 7.82 
Livestock-products6 7 
cattle & calves cents/lb7 26.20 33.90 34.88 36.70 
Hogs cents/lb 22.20 15.26 15.63 16.32 
Milk dol. /cwt 5.46 3.41 3.44 3.51 
1All prices for 2000 are measured in 1970 equivalent dollars and do not 
take into account inflation from 1970 to 2000. 
2 Source: (165). 
3 Corn equivalent. 
4 '1 . 1 Bar ey equ1va ent. 
5 Wet tons. 
6Farm prices of 24.5 cents per pound for lambs, 15.0 cents per pound 
for broilers and 35.0 cents per dozen for eggs are assumed under all policy 
models in 2000. 
7 Live weight prices. 
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Projected 2000 
Model Model Model Model Model Model 
A3 B c D E F 
1.21 0.93 1.38 1.58 0.94 1.05 
1.13 0.90 1.30 1.54 0.91 0.97 
2.58 1. 78 2.89 3.80 1.83 2.10 
1.65 1.22 1.93 2.25 1.23 1.41 
0.16 0.14 0.23 0.20 0.15 0.14 
8.97 8.15 13.15 10.69 6.57 8.40 
28.22 21.10 39.40 33.46 21.25 23.88 
7.92 6.18 10.27 9.00 6.21 6.86 
37.07 29.93 46.62 37.57 30.08 32.81 
16.48 13.45 17.92 16.85 13.58 14.76 
3.53 3.22 3. 77 4.38 3.25 3.34 
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V. SUMMARY OF LAND AND WATER USE, 
LIVESTOCK PRODUCTION AND COMMODITY PRICES 
UNDER ALTERNATIVE POLICY MODELS 
Projected land and water use under the nine alternative policy models 
are summarized in Tables 4.68 and 4.69 (p.179). Three things are evident from the 
results: (1) Land would not be a physically or economically scarce resource 
in 2000, although uyder Model D only 4.5 million acres of cropland and hay-
land remain unused. (2) With a national objective function of economic 
optimum in food production and water and land use, such as the one employed 
in the policy models of this study, land irrigated in the West would be 
less than at present. (3) Relative to this objective function, water would 
be in surplus supply in the West under all policy models for the year 2000. 
Land Use 
For the nine policy models analyzed, total land used for all crops 
would be highest under Model D and lowest under Model F (Table 4.68). Total 
unused cropland and hayland would be lowest under Model D and highest under 
Model B, Under Model D, a high level of domestic and export demands for farm 
products is specified and only 4.5 million acres of cropland and hayland 
would remain unused. As noted in Part III, however, other researchers have 
estimated that from 50 to 150 million acres of new land could be brought 
into production if needed. The higher price levels resulting from Model 
D could encourage reclamation of these new lands. Total land used for all 
crops would be lowest under Model F because nearly 656 million acres of 
fragile lands are taken out of production. Under Model B, a low level of 
domestic and export demands for farm products is specified. Thus, 51 million 
acres of cropland and hayland would remain unused, and surplus capacity 
would approach levels of the 1961-71 decade. trojected farm prices also 
are low. Model c, the annual land retirement policy model, places part of 
the land base in retirement and farm prices would rise accordingly. With 
300 million people in 2000 (Models A, Al, A2, and A3), 12.5 to 16.4 million 
acres of cropland and hayland would remain unused. 
Compared with that in 1964, land irrigated in 2000 under the nine alter-
native policy models would range from 2.1 to 18.9 million acres less. Total 
irrigated acreage would be highest under Model C, the annual land retirement 
policy model, and lowest under Model A3, the $30.00 water price policy model. 
From 2.7 million to 15.0 million acres of land either currently irrigated 
or in authorized reclamation projects would be switched to dryland crop 
production in 2000. Some of this irrigable land also would be unused in 
2000, mostly because of projected scarcity of water in some regions. 
1unused refers to the amount of the land resource (cropland and hayland) 
not needed to meet the domestic and export demands specified for the year 
2000. 
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A large amount of cropland either currently in land retirement pro-
grams or currently used for annual crop production would shift to tame 
hay production in 2000. Under Model c, only 2.7 million acres would be 
shifted because of the nearly 45 million acres of cropland in the annual 
land retirement program. Under Mbdel A3, however, nearly 52.1 million acres 
of cropland would be shifted to tame hay production in 2000. Thus, a clear 
conclusion appears. Present land surpluses could substitute for future 
water and irrigated land development projects in agriculture. 
The large projected increase in forage production and the resulting 
shifts of cropland to tame hay production are results of the large increases 
in projected numbers of beef cows and fed beef. In general, compared with 
current levels, beef cow numbers would more than double and fed beef numbers 
would nearly triple by the year 2000 (Table 4.70). The relationship bet-
ween projected forage requirements and land surpluses can be illustrated 
by comparing Model A with Model B. Under Model A, with a population of 
300 million, 16.4 million acres of cropland and hayland would remain unused. 
Under Model B with a population of 280 million, 51.0 million acres of crop-
land and hayland would remain unused. About one-third of the un~ed land 
under Model B would be located in the Missouri river basin, which includes 
part of the Northern Plains, and this land would be used mostly for tame 
hay production under Model A. Thus, projected land needs are highly sensi-
tive to future food and fiber requirements, especially forage requirements 
for beef production. 
Two environmental control policy models are analyzed in this study 
(ModelE and Model F). ModelE measures the projected impacts on land and 
water use and farm prices when insecticides are eliminated in corn and cot-
ton production. Model F measures these same projected impacts when fragile 
lands are removed from crop production in attempts to improve the quality 
of air and water, vegetative cover, wildlife, etc. 
As expected, when insecticides are banned in corn and cotton production 
(Model E), there is a smaller projected land (and water) surplus. But the 
reductions in land and water surpluses would be very small at the implied 
population and demand level. Even with the removal of nearly 656 million 
acres of fragile lands in 2000 (Model F), over 20 million acres of crop-
land and hayland would remain unused (Table 4.68). Since the fragile land 
removed is low yielding (primarily pasture), it could be replaced with a 
much smaller increased use of higher.yielding cropland and hayland. 
Water Use 
Relative to the objective function employed, there would be surplus 
water in the West under all nine alternative policy models in 2000 (Table 
4.69). As pointed out in the previous sections, however, the 
distribution of water supplies still could be a problem in 2000. The Lower 
Colorado, Great Basin and Rio Grande river basins most frequently appear as 
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regions of projected water scarcity. Under the 325 million population and 
the 300 million population policy models, the Texas-Gulf river basin would 
be water deficient. The deficit, however, could be solved through addit-
ional reservoir construction, since rainfall is plentiful in the region. 
Agriculture was the biggest consumer of water in 1965 and our projec-
tions indicate that it will continue to be, even in 2000. But projected 
nonagricultural water requirements in 2000 are nearly four times larger 
than the 1965 l~vel. Thus, there would be a relative shift of water consump-
tion toward municipal, industrial and other uses by 2000. If nonagricul-
tural water requirements projected for 2000 are underestimated, agriculture 
could release additional water for these other uses. With a $15.00 water 
price (ModelAlh more than 11 million acre-feet of water per year would be 
released from agriculture. Thus, adoption of a pricing system for agri-
cultural water use would release water from agriculture for other uses if 
needed. 
Under the alternative policy models, total consumption of water in 
2000 would be highest under Model D, with high domestic and export food and 
fiber demands, and lowest under Model A3, the $30.00 water price policy 
model. Under Model D, 42.0 percent of the total water supply would be 
consumed, while under Model A3, only 27.3 percent of the total water supply 
would be consumed. Thus, a large proportion of the water supply would be 
surplus, even with a maximum foreseeable level of food and fiber demand in 
2000. With either a ban on insecticides in corn and cotton production 
(Model E) or removal of fragile lands from crop production (Model F), total 
water consumed would increase only slightly. Under all the policy models 
analyzed, the Columbia-North Pacific river basin always has the largest 
projected water surplus. 
• 
In summary, even with little further development of present water 
supplies, there does not seem to be an absolute water shortage in 2000. The 
distribution of the water supply, however, still could be a prob-
lem. In general, present land surpluses could substitute for future irri-
gated land developments, reduce pressures on water supplies and, hence, 
release plenty of water for increased nonagricultural uses in 2000. 
Livestock and Poultry Production in 2000 
Projected livestock and poultry production for three alternative policy 
models are reported in Table 4.70. Figures are not reported for Models Al, 
A2 and A3, since they are nearly the same as for Model A. Likewise, pro-
jected livestock and poultry production under Models c, E and F are nearly 
the same as for Model B. 
The production of a specific kind of livestock or poultry is dependent 
on the level of population, per capita consumption, level of imports or 
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exports and the rate of technological advance. Thus, aside from beef cows, 
livestock and poultry production would be highest under Model D, with 325 
million population and advanced technology, and lowest under Model B, with 
280 million population and trend technology. The number of beef cows would 
be less under Model D because of the higher calving rate used under the 
advanced technology assumption. 
The most significant change in projected livestock output under the 
policy models analyzed is the large increase in beef production. Of course, 
this increased production is a result of higher per capita consumption of 
beef and veal in 2000 discussed in Part III (Table 3.8). With higher levels 
of both per capita consumption and population'in 2000, beef cow numbers 
would more than double over the 1969 level. Fed beef would nearly triple 
in number by 2000 under Model D with a 325 million population. The higher 
projected beef production in 2000 is reflected in the crop-feed requirements 
and resulting ~creages and water use discussed in the previous sections of 
Part IV. Both beef cows and fed beef use large quantities of forage. As 
a result, the increased land which would be needed for concentrates and 
forages and the much larger exports under Model D would leave only 4.5 
million acres of cropland and hayland unused in 2000 (see footnote 1 for 
definition of unused). 
Under Model A (300 million population), 16.4 million acres of cropland 
and hayland would remain unused. Model B, with 280 million population, 
would require about 10 million acres less land for forages as compared with 
Model A. As much as 51.0 million acres of cropland and hayland would be 
left unused, however, under Model B. Thus, the projected level of future 
forage requirements can have an important role in need for or the formulation 
of water and land policies, especially since a large percentage of irrigated 
land would be used for forage production (about 40 percent in 1959; 185). 
Crop and Livestock Prices in 2000 
Farm commodity pr~ces projected under the nine policy models are sum-
marized in Table 4.71. In general, prices would be (a) lowest under Model 
B because of its smaller population and (b) highest under Model D because 
of its large food and fiber demands. Both Model B and Model D are free mar-
ket policy models, and production would be allowed to concentrate in areas 
of greatest comparative advantage. Some prices under Model C would be higher 
than those under Model D. Model C incorporates supply control features to 
disperse production throughout the United States to restrain output and 
increase prices (and also force a substitution of water in the 17 Western 
states for land in the East). More marginal and lower-yielding areas would 
2The commodity prices reported in Table 4.71 are the shadow prices for 
commodities determined by the programming model. These shadow prices are 
available for each of the 27 consuming regions, but only national averages 
are reported here. The lower prices for hogs indicate that hog production 
costs may be underestimated in the programming model. 
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be brought into production under both Model C and Model D, and prices 
would rise accordingly. 
Farm prices under Model A would be nearly the same as 1969 actual 
prices for corn grain, soybeans and hay. They would be higher for cattle 
and calves, barley and oats, but lower for hogs, milk and cotton. The 
higher projected prices for livestock and livestock feeds can be explained 
by increased demand for livestock, especially beef and veal. Although the 
average price received for sugar beets is not available for 1969, the price 
under Model A would be only 40 to 50 percent of current levels in some 
states. Thus, those products that have "tight" controls over production 
(sugar beets, cotton and milk) could have lower prices in the future (as 
well as the present) in the absence of production controls or marketing 
quotas. Even with the large increase in food and fiber demands under 
Model D, prices of these "controlled" products would not exceed current 
levels in 2000. These are products for which competitive substitutes may 
be more widely used. Imports and domestic cane are substitutes for sugar 
beets. Synthetic fibers have already captured a large part of the market 
for cotton. Dry milk, soybean milk, margarine and dairy imports already 
have an adverse effect on the market for fluid milk. (The impact of soy 
substitutes on future meat consumption is not evaluated in this study.) 
Results from Model A3 indicate that 36.2 million acre feet of water 
could be released from agriculture annually for other uses in 2000, if the 
minimum water price were increased from present levels to $30.00 per acre 
foot. Generally, if such a policy were adopted, farm prices would rise by 
about 10 percent. But cotton, sugar beets and milk prices would still stay 
below current levels. Under Model B, however, a free market and the 280 
population level, farm commodity prices generally would be even lower than 
in 1969. Except for cattle and calves, most c~mmodity prices would be 
around 18 percent lower than under Model A and about 18 percent below the 
1969 level. Thus, policy makers might consider a price support program to 
increase farm prices. Under Model c, a geographically-dispersed land retire-
ment program, farm prices generally would be more than a third higher than 
in 1969 and over 50 percent higher than under Model B. 
With a ban on insecticides in corn and cotton production (Model E), pro-
jected prices do not increase significantly from Model B. Thus, the costs 
to society in terms of food costs and resource use would not increase sub-
stantially under Model E. But the detrimental effects of some insecticides 
on the environment could be reduced. The quality of the environment also 
could be improved with removal of fragile lands from crop production (see 
earlier definition of fragile). Under Model F, the fragile lands policy 
model, prices would be about 12 percent higher than under Model B, with the 
same population and aggregate levels of domestic and export demands. In 
general, under the higher demands of Model D, prices of crop commodities 
would be about 50 percent higher and livestock prices about 12 percent 
higher, than those under Model A. 
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In summary, farm prices under Model A would not be significantly higher 
than at the present. Under Model B, they would be substantially lower and 
under Model C and Model D, they would be substantially higher than in 1969. 
Thus, consumer food costs would not rise significantly under any of the 
policy models based on a C population level. They would decline under the 
D population level of Model B, but would rise substantially under the supply 
control features of Model C or the high level of domestic and foreign 
demands under Model D. 
Differences in projected net farm income among the policy models and 
the present, including the free market of Model B, would parallel those of 
prices and food costs. Net farm income in 2000 would be lowest under Model 
B and highest under either Model C or Model D depending upon the level of 
government payments under Model C. In addition to the higher food costs 
under Model c, government payments also would be required to insure farmer 
participation. Thus, not only would consumers pay more for food, but also 
taxpayers would contribute to farm income through price support and land 
diversion payments. Prices about 12 percent higher than Model B could be 
obtained with relatively low levels of government payments by 'removal of 
nearly 656 million acres of fragile land (Model F). Most fragile land in 
the nation already is owned by the government (Bureau of Land Management 
permit and lease lands and Forest Service lands). Government payments to 
take other fragile lands out of production would not be substantial. 
A number of studies have indicated the effect on farm prices and incomes 
of removing all production controls (e.g., 46). In general, conclusions 
are that aggregate net farm income initially would drop by as much as 40 
percent in the sudden turn to a free market. After a period of adjustment, 
farm prices would rise again, but aggregate net farm income still would 
remain from $4 to $5 billion below comparable levels under land retirement 
programs of the type in effect. 
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VI. POLICY IMPLICATIONS 
The results of this study, based on conservative yield trends, indi-
cate that U. S. agriculture should not be faced with aggregative strains on 
food-producing capacity and water supplies relative to needs in the year 
2000. Rather, the projections suggest that, even by 2000, U. S. farmers 
still could be faced with a large supply capacity relative to food demands. 
Farmers in specific locations and operating under particular agro-climatic 
conditions will continue to be faced with depressed yields due to limited 
rainfall and ground water or stream flows. Relative to projected demand 
and food supplies, however, there should not be an aggregative food supply 
problem for the nation. 
The study indicates that even if the irrigated area is not increased 
over the next 30 years, capacity of American agriculture will be sufficiently 
large to extend potential depressed prices and incomes to the year 2000. 
The term "depressed" refers to real prices compared to levels being realized 
through the supply control and price support programs financed from the 
U. S. Treasury. If the full supply capacity projected for the year 2000 
were used in the absence of gover~~ent programs, real prices would be lower 
than those realized by farmers in recent years. The level of farm income 
in 2000 under any level of prices also will depend on the number of farms 
existing at that time and the prices paid for farmland (and hence, on the 
number of acres farmers with given investment funds can operate, the amount 
of interest paid on credit for land investment, etc.). 
The study results also indicate that projected food demands in 2000 
could be met by returning land now idled under government programs to pro-
duction and by using less irrigated land than at the present. If the U. S. 
had a 300 million population in the year 2000 (Model A), projected food 
demand could be met with 11.3 million acres less irrigated land than in 
1969, with 5.3 million acres of cropland (including that now withheld from 
production by government supply control programs) remaining out of produc-
tion, with 7.3 million acres of irrigable land switched to dryland produc-
tion and with 49.3 million acres of cropland shifted to less intensive uses 
such as pasture and hay. Under a 280 million population (Model B), 12.5 
million acres less of irrigated land would be needed than in 1969, 25.6 
million acres of present cropland could remain idle, 7.6 million acres of 
irrigable land would be switched to dryland production and 42.8 million 
acres of cropland could be shifted to less intensive uses. With a 325 mil-
lion population in 2000 (Model D), but also with higher levels of exports 
and advanced technology, food and fiber demands could be satisfied with 
9.9 million acres less of irrigated land than in 1969, with 1.4 million 
acres of present cropland idled, with 6.8 million acres of irrigable land 
switched to dryland production and with 21.0 million acres of cropland 
shifted to less intensive uses. (These are the aggregative patterns which 
optimize national food production for the demand and implied price levels 
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of this study.) 
Hence, in the case of future water scarcities, especially in the West, 
agriculture need not use more but actually could release a fairly large 
supply of water for industrial and urban uses. As study results indicate, 
if the price of water were increased to $30.00 per acre foot as a minimum 
for the 17 Western States, this would allow release of an additional 36.2 
million acre feet per year from agriculture compared with Model A (with 
crops reallocated among producing areas of the nation in a manner consis-
tent with the objective function of the programming model employed at the 
300 million population level). Clearly then, if the value of water in 
nonfarm uses specifies it, water could be released from agriculture to 
uses in other sectors and locations. This transfer of water from agricul-
ture to other uses would not put pressure on the nation's food supplies or 
export possibilities. Neither would it have other than minimal effects on 
the cost of food to the nation's consumers. 
Alternatives and Options in Policy 
If the major objective of public agricultural policies were to attain 
specified national minimum farm price levels and income at minimum treasury 
cost, the present policy mix of (a) supply control measures and (b) contin-
ued investment in irrigation would be highly inconsistent. Each increment 
in public irrigation investment and improved water use is effectively linked 
with a parallel increment of public expenditure to control supply and lessen 
output. In other words, the increase in yields and production forthcoming 
from further irrigation development requires expenditures to induce farmers 
at other locations to retire land to offset the increased output in the 
newly irrigated area. To the extent that these increases and decreases in 
output at different locations cancel each other, the public must pay twice 
to hold supply at a given level; once to increase production in the newly 
irrigated area and once to reduce it in nonirrigated areas. 
If the public employed a criterion of minimum public costs to maintain 
given nationwide levels of farm prices and income, a recommendation of mini-
mal water development and use would prevail: further public investment 
should not be made in irrigation development. Under this restraint, farmers 
on potentially irrigable land would make no absolute or actual sacrifice in 
income and capital values. Also, the public would not be faced, as it has 
in the past, with expenditures for supply control on both irrigated and non-
irrigated land to offset the added production forthcoming from newly developed 
irrigated land. 
Interactions of Water and Agricultural Policies 
As indicated in Part I, the dominant increase in water use and irri-
gated acreage over the last 30 years has been through private investment, 
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especially by individual farmers in wells and irrigation systems based on 
groundwater supplies. Individual farmers have made these investments 
because they have been profitable. In this sense their decisions and 
actions have been exactly the same as for farmers producing under rainfed 
conditions who have added more fertilizer, pesticides, improved varieties 
and better livestock rations, In terms of proportion of total farm output, 
the latter group is even more responsible than the former group for the 
large supplies which press heavily on prices in a market environment of 
very low price elasticities of demand. Federal supply control and price 
support programs which offset supply increments due to use of more inputs 
and improved practices encourage the farmer with profitable water supplies 
available to him to develop them. Similarly, these programs make it profit-
able for farmers in the Corn Belt, Southeast and elsewhere to use more fer-
tilizer, pesticides and improved strains and rations. Because of the greater 
cropland acreage involved, even the subsidization of inputs through SCS 
technical aid and ASCS payments increases output as much or more for rain 
fed agriculture than for irrigated farming. In both cases, the individual 
farmer makes investments and uses public aids because it is profitable for 
him to do so. When the majority of farmers do so, the inelastic demand 
causes market revenue to decline because prices fall by a greater percent-
age than output increases. Federal supply control, price support and 
international food aid programs have been initiated to offset these mass 
market effects of actions of individual farmers as the agricultural sector 
develops further. It is no more appropriate to claim that these federal 
programs are needed to offset the effects of farmers who increase output 
through their own irrigation investments than it is to claim that they are 
needed for farmers depending on rainfall who use more fertilizer, pesticides, 
machines, high-yielding varieties and improved additives for livestock 
rations. Neither is it any more appropriate to suggest that profitable 
development or irrigation by individuals should be restrained than it is 
to suggest that fertilizer and similar input restraints should be imposed 
on farmers who depend on rainfall. True, farmers do invest in irrigation 
which produces more, then receive direct government payments to leave land 
idle so that supply will be reduced. But on an even broader geographic and 
volume basis, farmers apply added fertilizer and other modern inputs so 
that each acre produces more, then idle part of their land upon receipt of 
public payments. 
Some land idled under government supply control programs is irrigated 
land served through federal projects. Howe and Easter suggest that the 
total cost of land retirement and price support for publicly-served irri-
gated land could have been as high as $350 million in 1964. (25, pp. V-14 
to V-20). It is in this sense that two public investments that cancel each 
other arise; one to develop irrigation which increases output, then supply 
control programs which reduce output, However, even considering public funds 
involved per se for agriculture over the past 40 years, these investments 
for irrigation may be less important than other public involvements which 
initially result in augmented farm output then provide direct payments 
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to farmers for idling land to reduce output. For example, the public 
invests heavily in research and education to promote improved practices and 
greater input use in the 31 states east of the Missouri River which depend 
mainly on rainfall. Then, to offset successful effects in increased pro-
ductivity it implements the complex of supply control, price support and 
demand-augmenting programs previously mentioned. Data are not available to 
show how much the public must pay through commercial farm policies to off-
set the increased output resulting from a dollar of public investment in 
(a) irrigation projects on the one hand and (b) general agricultural devel-
opment (research, education, credit facilities, subsidized nonwater inputs, 
etc.), on the other. Through programs that increase productivity in the 
one case and that restrain supply and bolster prices in the other case, 
farmers have been able to improve efficiency, reduce the real cost of food 
to consumers and simultaneously retain some of the benefits through their 
contribution to technological and economic development. 
Public investments in irrigation and general agricultural development 
thus relate similarly where both have a positive net benefit/cost ratio or 
marginal payoff to society. There is no logical basis for sorting one out 
more than the other for restraint. More important for this study are the 
prospe~tive demands for water in nonfarm uses relative to future food 
demand and the real price of food. This study indicates clearly that the 
availability and productivity of natural resources for agriculture are 
sufficiently large that some water could be shifted to municipal and indus-
trial uses, should economic development and water demand in western states 
specify it, by 2000. Land now immobilized through federal supply control 
programs can be substituted for water so diverted and the productivity and 
supply capacity of American agriculture will remain high. In fact, from 
the results of this study, even with some reduced water use for agriculture, 
the supply capacity still could be so great relative to domestic demand in 
2000 that problems of food more nearly will revolve around low prices and 
incomes of farm producers, rather than around high real prices and strained 
budget outlays for consumers. Currently, American families spend only 17 
percent of their disposable income for food. Since the greatest proportion 
of this expenditure is for the packaging, processing, freezing and other 
services incorporated with food after it leaves the farm, the food product 
in the farm form leaving the agricultural producer absorbs less than 7 per-
cent of the American consumer's disposable income. The percentage could 
be considerably lower by the year 2000 as per capita incomes increase and 
the large agricultural capacity identified in this study is attained even 
with some diversion of water from agriculture. 
The discussion above has been of federal irrigation projects which 
have positive net benefit/cost ratios or marginal payoffs. Given the total 
supply or productive capacity projected for agriculture in this study, the 
implementation of federal irrigation projects that do not have positive net 
payoffs, or that have high opportunity costs in the returns foregone in 
other uses, should not be implemented in behalf of national agriculture. 
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The potential water supplies so implemented could more readily be economic-
ally justified for municipal and industrial uses with population and economic 
growth at particular locations, than in agriculture which is part of a 
national supply complex with the prospect that large production capacity in 
2000 is more likely to cause surplus potential than domestic food shortages. 
Distribution and Compensation 
Should population and economic activity grow beyond projected levels 
for 2000 at particular locations, causing nonfarm uses of water to have a 
greater value productivity than farm uses, diversion of water supplies from 
agriculture for these purposes would have distributive impacts on income and 
employment of rural communities using water from publicly developed pro-
jects or through water rights of historic origin. Incomes of farmers and 
communities from which these water supplies and rights were withdrawn would 
suffer economic losses and communities and urban centers realizing a larger 
water supply for municipal and industrial uses would gain in economic activ-
ity and employment generated, In terms of equity, the diversion of income 
and capital values from one location and economic group to another or the 
potential diversion of water from agricultural to municipal and industrial 
uses is of the same sort as a revision of public irrigation and commercial 
farm policies, as outlined previously, that benefit one group at the expense 
of another, 
In areas of long-established water rights and publicly-developed irri-
gation projects, these water supplies made available to farmers have become 
property with capitalized values based on greater streams of income over 
time. Also, the greater volume of trade and employment generated in these 
communities from water inputs and increased agricultural output serves as 
the base of definite capital values in the nonfarm sector of the rural com-
munities involved. The value placed on these property rights and the non-
farm capital values are economic quantities justified in terms of public 
laws and investments and the economic outlook and forecast information 
available in past periods to farm and nonfarm investors in the particular 
water supply regions. To erode these income streams and capital values 
through a transfer of water to other locations and uses would not per se 
guarantee an increase in aggregative societal welfare due to the income loss 
required for one sector to bring gain to another sector. Inability to make 
quantitative comparisons of the relative magnitude of utility and welfare 
gains and losses prohibits any such simple arithmetic. 
However, means do exist for transfers which guarantee that the sector 
from which water supplies are diverted does not sacrifice for the gains of 
the recipient sector. Various forms of compensation can be used to guaran-
tee a positive-sum outcome over both the losses of the farm and nonfarm 
enterprises in regions from which water is diverted and the gains in the 
other locations and uses to which it is transferred. This compensation 
would need to cover the discounted value of future income which erodes as 
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water supplies and rights are withdrawn. A basic amount involved is the 
expected decline in asset values associated with reduced availability of 
water and withdrawal of rights in irrigated regions. But other social 
values and losses also are implied. These include social costs attached 
to reduced employment, population thinning and the decay of community facili-
ties as the economic base resting on water is withdrawn. 
Pricing and Quality of Water 
This study provides quantitative results which can serve a partial 
basis for farm compensation associated with reduced water use. The shadow 
prices attached to water and land under different variants of the program-
ming model serve in this manner (Appendix G). With further analysis, the 
reduction in shadow prices associated with a shift from the current struc-
ture of water uses and returns in agriculture could be compared, area by 
area and region by region, with that resulting from a pattern needed to 
provide future municipal and industrial transfers. Capitalized, these 
decrements in shadow prices approximate the capital values for which far-
mers, now benefiting from water supplies and rights supplied through pub-
lic investments and legal institutions, should be compensated. The magni-
tudes so represented do not, however, reflect compensation appropriate for 
the nonfarm sector of rural communities where economic activity is reduced 
or population shifts and decay of local institutions induce social costs. 
Supposing implementation of appropriate compensation means to safe-
guard against welfare reductions in these communities, alternatives also 
exist through which water can be diverted from agriculture and increased 
in supply to municipal and industrial uses at indicated locations of water 
scarcity in 2000. An abrupt procedure, of course, would be that of legis-
lating outright withdrawal of water rights from farmers in the water supply 
region of relevance. Another procedure with greater economic justification 
is a pricing system orienting water use toward the highest value alternatives 
in municipal, industrial and farm uses. This pricing mechanism also could 
allow the public to recover fully its investment in water supply develop-
ment so that both (a) those who benefit from its value productivity eventu-
ally pay the associated costs and (b) the public capital so restored can 
be invested repeatedly in further augmentations of water quality and quan-
tity where they have positive net benefit/cost ratios exceeding other pub-
lic alternatives. 
Assuming a 300 million population without government program restraints, 
instituting a water pricing system and increasing the price from $15.00 to 
$22.50 per acre foot of irrigation water would reduce total irrigated land 
(and hence water use) in the 17 Western States by 5.5 million acres. Con-
currently, 3.1 million additional acres of annual crops (including corn 
and sorghum silages) would be grown on nonirrigated land. Also, 3.5 million 
additional acres of all hays and pasture would be grown on nonirrigated 
land. Increasing the water price further, from $22.50 to $30.00, would 
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reduce total irrigated acreage by an additional 4,8 million acres and 
increase all crops grown on nonirrigated land by 3.7 million acres, In 
comparisons between the lowest price, $15.00, and the highest price, $30.00, 
for water, the acreage of annual crops (including corn and sorghum silages) 
grown on irrigated land would decline by 72.4 percent. Hence, the pricing 
of water not only would alter its allocation among agricultural, municipal 
and industrial uses but also would bring about reallocations within agri-
culture. Water could still be used for irrigation but its concentration 
would be on high value crops. Much less would be employed for lower-
return uses such as pasture and hay production. For example, of the total 
water consumed by all crops with a water price of $15,00, about 70 percent 
is consumed by hay and pasture. With a water price of $30.00, hay and 
pasture consume about 50 percent of the total. As identified by this study, 
water supplies not only are large enough to allow ready attainment of pro-
jected food demand at reasonable real costs but also to allow some diver-
sion of water to municipal and industrial uses at the scattered scarcity 
locations based on projections for 2000. Pricing and compensation means 
prevail whereby these reallocations can be attained with gains to some 
population and locational groups without sacrifice to others. 
Agricultural Policies and the Environment 
With 280 million population in 2000, attempts to improve the quality 
of the environment would not place undue stress or strain on the productive 
capacity of agriculture. With a ban on the use of insecticides in corn and 
cotton production (Model E), the use of cropland and hayland would increase 
by about 3 million acres. Land irrigated and, hence, total water consumed 
also would increase slightly. Farm prices would rise only slightly. 
With nearly 656 million acres of fragile lands removed from crop pro-
duction (Model F), cropland and hayland used would increase by about 30 
million acres. Total irrigated acreage would remain unchanged but total 
water consumed would increase slightly. In general, with fragile lands 
removed, farm prices would rise about 12 percent over the comparable prices 
with fragile lands still in production. Government costs of removing these 
fragile lands from production would not be great, since a large amount of 
this land already is owned by the government. 
Thus, policies adopted to improve the quality of the environment would 
lead to higher farm incomes. Not all areas of the country, however, would 
gain from such policies. With a ban on insecticides in corn and cotton pro-
duction, farmers in areas of the nation susceptible to severe damage from 
insects would be forced out of production. In areas of the nation where the 
insect population was very low or nonexistent, production of either corn 
or cotton or substitutes for these crops would increase. Businesses in 
rural communities would be similarly affected, It would decline in areas 
that cease, reduce or extensify production and increase in areas with higher 
levels of agricultural production. 
- 245 -
Removal of fragile lands from crop production would have a bigger 
impact on agricultural land and water use and farm prices than a ban on 
insecticides in corn and cotton production. Currently, most of the fragile 
lands in this nation are used for extensive types of crops such as dryland 
pasture and dryland wild hay. Thus, those areas with agriculture structured 
around these crops would face the most severe adjustment problems with 
these lands removed from production, especially farmers in areas of the 
nation depending on grazing from public lands. Other areas of the nation 
would gain as additional cropland and hayland were brought into production 
to replace the output from these fragile lands. Some areas of the nation 
would reduce acreages of annual crops and increase acreages of forage or 
more extensive crops. 
The negative effects, however, of such a program both in those areas 
that suffer losses and nationwide are potentially less than under alter-
native types of programs. A program to remove fragile lands from crop pro-
duction would reduce wind and water erosion and have other positive effects 
on the environment. Siltation of streams and reservoirs could be reduced, 
the air would be cleaner, etc. Those areas with large amounts of fragile 
lands already are structured around an extensive agriculture and adjust-
ments would be less than if these same areas were structured around an 
intensive agriculture. Conceptually some of this fragile land could be 
devoted to recreation, trees or other uses. Hence, certain areas would not 
be faced with elimination of all economic activity and certain areas might 
even experience a gain. 
The supply capacity of agriculture would be reduced by such a program, 
but a considerable slack still would exist. With such a program, however, 
farm prices and incomes would be higher than if these lands were to remain 
in production at the implied demand level. And since the government already 
owns a large amount of the fragile lands in the nation, the government costs 
of the program would be less than for alternative types of price support 
and supply control programs. 
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Appendix A. Exogenous Crop Production 
Projections of the national demand for fruits, nuts and vegetables 
are based on a 1967 study done in California (12). This study also pro-
vides projections of the acreage, yields and production levels for Cali-
fornia in 2000. The difference of the projected California production from 
(12) and the projected national production level is allocated to the other 
states based on the proportion their production was of the total U. S. 
production of fruits and vegetables over the period 1967-1969: 
where 
i 
j 
k 
i 
j 
~8iJk J [Qi,0,2000 - Qi,48,2000 
r: Q • j=l i]k 
(A.l) 
1, ... ,13 1 
0' ... ,48 
67, 68, 69 
is the index over the 13 specialty crops; 
is the index over the states with j = 0 for the U. S. total 
and j = 48 for California; 
is the index over time in years after 1900; and 
is the quantity of the ith specialty crops produced (or 
projected) in the jth state for the kth year. 
Yields are estimated by increasing the average of the 1959 and 1964 
yields in each state by the same proportion as the California yields are 
projected to increase by the year 2000 (12): 
where 
(1 + yi48,2000 - yi48 ) 
yi48 
(A. 2) 
i 1, ... ,13 
j 1, ... ,47 
Y .. k l.J 
is the average yield of the ith specialty crop in the jth 
state in the kth year as reported in the Census of Agri-
culture (184, 186); and 
is the 1961-1965 average yield of the ith specialty crop 
in California (12). 
1The specialty crops include potatoes, rice, tomatoes, lettuce, sweet 
corn, carrots, onions, melons, cabbage, other vegetables, lemons and grapes, 
citrus and deciduous fruits and nuts. 
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The acreage in each state is then calculated as 
(A. 3) 
i 1, ... ,13 
j = 1, ... ,47 
where A. 'k is the total acreage of bearing plants of the ith specialty 
1J 
crop in the jth state in 2000. The irrigated acreage is calculated with 
an adjustment to account for the acreage of nonbearing fruits and vege-
tables as based on the ratio of the acres of bearing plants to the acres 
of nonbearing plants as reported in the California study (12). As the 
irrigated acreages of the exogenously-produced crops are used to adjust 
the water supplies available for the endogenously-produced crops, the 
acreages of nonbearing plants are adjusted to a bearing equivalent acreage 
using the assumption that a nonbearing acre of plants requires half the 
water of an acre of bearing plants: 
where 
1Aij2000 = Aij2000 (l + .S 
NBAi,48,2000 ) IAij64 (A.4) 
BAi 48 2000 
' ' 
i 11, 12, 13 
j 1, ... ,48 
BAi,48,2000 
NBAi,48,2000 
IAij2000 
is the bearing and nonbearing irrigated acreage of 
the ith specialty crop in the jth state in 1964 as 
reported in the Census of Agriculture (186); 
is the projected acreage of bearing plants of the 
ith specialty crop in California in the year 2000; 
is the projected acreage of nonbearing plants of 
the ith specialty crop in California in the year 2000; 
is the projected fruit bearing equivalent irrigated 
acres of the ith specialty crop in the jth state in 
2000; and 
is the total bearing and nonbearing acreage of the 
ith specialty crop in the jth state in 1964 as repor-
ted in the 1964 Census of Agriculture (186). 
Using this procedure, there would be no adjustment for nonbearing acres for 
the annual specialty crops. 
The acreages of each specialty crop are then allocated to the producing 
areas based on the county proportions of the state acreages in 1964 using 
- 264 -
the following relationship: 
where 
IAij2000 
IAP • :t IA i ,n,2000 m n im64 IAij 1964 (A. 5) 
i 1, ••• '13 
j = 1, ..• ,48 
m 1, ••. ,3067 
n = 1, ••• ,223 
IAim64 
IA. 'k l.J 
IAPin2000 
is the irrigated acreage of the ith specialty crop 
in the mth county in 1964 (186); 
is the irrigated acreage of the ith specialty crop 
in the jth state in the kth year; and 
is the projected irrigated acreage of the ith 
specialty crop in the nth producing area in 2000. 
The amount of irrigation water consumed by each of the specialty crops is 
calculated as 
where 
i = 1, •.• ,13 
r 1, ... ,51 
n = 1, ••. ,223 
(A.6) 
is the per acre consumptive use of water by the ith 
specialty crop in the nth producing area; 
is as defined above; and 
win 
IAPin2000 
wwir is the projected total consumption of irrigation 
water by the ith specialty crop in the rth water 
supply region in 2000. 
The total irrigation water consumption of the specialty crops is the sum of 
the use by the individual crops: 
13 
ww=I:ww 
r i=l ir 
(A. 7) 
where 
r 1, •.• ,51 
ww 
r 
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is the projected total specialty crop consumption 
of water in the rth water supply region in 2000. 
The total specialty crop water use levels deplete the water supply avail-
able to the endogenous activities by the amounts calculated and shown in 
Heady, Madsen, Nicol and Hargrove (2la). 
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Appendix B. Crop Yields 
A time series of dryland and irrigated yields by state or county from 
which the projection of the crop yields in 2000 can be made is not avail-
able. The Census of Agriculture is the only source of dryland and irri-
gated yields by county. By c~bining these county data with a long time 
series of st,te average yields a projected yield is obtained for each of 
the 14 crops using the following producedure. 
Estimates of the portion of the acreage irrigated by state, p, are 
obtained from the 1949, 1954, 1959 and 1964 Census of Agriculture. These 
values are then interpolated to give a series of 16 observations. Ratios 
to state average yields of the county dryland yield, X , and county irri-
gated yield, x2, are calculated and interpolated for t~e 16 years 1949-1964. 
The state dryland and irrigated yields are calculated as weighted 
averages of the county yields given in the census. These state yields are 
compared with the annual average state yields as follows: 
and 
where 
SCYDjkt • (bljk)(SERSjkt) + eljkt 
SCYijkt • (b2jk)(SERSjkt) + e2jkt 
(B .1) 
(B. 2) 
j = 1, ••. ,14 
k = 1, ... ,48 
t 1949, 1954, 1959, 1964 
SCYD jkt 
SCYI jkt 
SERS 'k J t 
bljk and 
eljkt and 
is the dryland yield of the jth crop in the kth 
state for the tth year from the census; 
is the irrigated yield of the jth crop in the kth 
state for the tth year from the census; 
is the annual average state yield of the jth crop 
in the kth state for the tth year; 
b2jk are least-squares estimates of the 
of SCYD.k to SERS.k and SCYI.k to J t J t J t 
all t; and 
relationships 
SERS 'k for J t 
e2 .k are error terms assumed to be normally distributed 
J t with means of zero. 
1The sources for this data are listed in Part III in the "crop yields" 
section. 
2Yields are determined for corn, corn silage, sorghum, sorghum silage~ 
wheat silage, wheat oats, barley, soybeans, alfalfa, clover-timothy, wild 
hay, cotton, sugar beets and other hay. 
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For each of the 14 crops a fifty-year yield trend is estimated. 
where 
SERSYjkt • ajk + ~jk t (B. 3) 
j == 1, ... ,14 
k 1' .... ,48 
t 1' .. . 
SERSY.k J t 
0! jk and e jk 
t 
is the predicted yield of the jth crop in the kth 
state in the tth year; 
are least-squares regression coefficients for the 
jth crop in the kth state estimated from the 50 
years of annual yield data; and 
is time after 1900. 
From the estimates of bljk' b 2jk' O!jk' 6jk and pjk projected dryland and 
irrigated yields are calculated and weighted into a projected state average 
yield: 
b SERSY + (1-P ) b SERSY k YLDjkt • pjkt 2jk jkt jkt ljk j t 
j 1' ..• ' 14 
k 1' ... '48 
t 49, so, ... ,64 
(B .4) 
where YLD.k is an estimate of the total yield for the jth crop in the kth 
J t 
state in the tth year. The estimate of the total yield in each state for 
each year (YLD.k ) is compared to the predicted total yield as estimated 
J t 
from the annual data (SERSYjkt): 
j s.,,,.l4 
k 1' ... ,48 
t = 49,50, •.. ,64 
(B. 5) 
where ~jkt is the ratio of the two yields for the jth crop in the kth state 
in the tenth year. Using ~jkt as an adjustment factor, adjusted state dry-
land and irrigated yields are projected for the 16 years: 
.. 
and 
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SAYDjkt • (1/~jkt)(b1jkSERSYjkt) 
SAY!jkt = (1/~jkt)(b2jkSERSYjkt) 
j = 1, ... ,18 
k 1, •.• ,48 
t = 49,50, ••• ,64 
(B. 6) 
(B. 7) 
where SAYD.k and SAYI.k are the adjusted projected dryland and irrigated 
J t J t 
yields of the jth crop in the kth state in the tth year. From these adjusted 
state yields county yields are projected: 
and 
where 
CAYDjpt • SAYDjktA.1jpt 
CAY!jpt • SAY!jkt A.2jpt 
j 1' ••• '14 
p = 1, ... ,3067 
t 49,50, •.• ,64 
k = 1, ... ,48 
for each 
for each 
p e k 
p e k 
(B. 8) 
(B. 9) 
Aljpt and A2jpt are the ratios of dryland and irrigated county 
yields to the state yield of the jth crop in the 
pth county in the tth year; and 
CAYD. t and CAYI. t are the dryland and irrigated adjusted county 
JP JP yields for the jth crop in the pth county in 
the tth year. 
The 16 year series of yields for dryland and irrigated production of crop 
j are generated in each producing area by: 
and 
PAYDijt • p~i CAYDjpt ACDjpt/p~i ACDjpt 
PAY!ijt • p~i CAYijptACijpt/ p~i ACijpt 
i = 1, •.• ,223 
j = 1' ••. '14 
p = 1, .•. ,3067 
t = 49' 50' •.. ' 64 
(B. 10) 
(B .11) 
where 
ACD. t JP 
ACI. t JP 
PAYD. 't l.J 
PAYI. 't l.J 
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is the dryland acreage of the jth crop in the pth 
county in the tth year as interpolated from the 
data in the four Census of Agriculture (180, 182, 
184, 186); 
is the irrigated acreage of the jth crop in the pth 
county in the tth year as interpolated from the 
data in the four Census of Agriculture (180, 182, 
184, 186); 
is the dryland yield of the jth crop in the ith 
producing area in the tth year; and 
is the irrigated yield of the jth crop in the ith 
producing area in the tth year. 
For the regions not included in the water supply regions the aggregate or 
total yield, PAYT. 't is calculated as l.J 
i = 1, ••• ,223 
j = 1, ••• ,14 
t = 49,50, ••• ,64 
(B. 12) 
where PAYT. 't is the aggregate yield for the jth crop in the ith producing l.J 
area for the tth year. Least-squares estimates are obtained for the three 
series of 16 observations PAYD. 't' PAYI .. and PAYT. 't in each region with l.J l.J t l.J 
time as the independent variable: 
and 
where 
YD • alij + blij t (B. 13) ijt 
Ylijt • a + b t 2ij 2ij (B .14) 
YTijt - a3ij + b3ij t (B .15) 
i 1, ••• ,223 
j = 1, •.• , 14 
t = 1' ... 
a . . and b . . are the regression coefficients for n = 1 = dryland, 
nl.J nl.J n = 2 = irrigated, n = 3 = total yield for the jth 
crop in the ith producing area as determined by 
least-squares; 
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YD .. , YI .. and YT .. are the estimated dryland, irrigated and 
~J ~J ~J 
total yields for the jth crop in the ith producing 
area; and 
t is time after 1900. 
These equations are solved with t equal to 100 (the year 2000) for all i 
and j. The YTij's are used as the yields for the crops in the producing 
areas which are not in water supply regions. For the producing areas which 
are within the water supply regions, YD .. and YI .. are used as the yieldu 
~J ~J 
for the respective dryland and irrigated activities. 
For the multiple crop activities, weights are generated g~v~ng the 
harvested acreages of the individual crops included as a portion of the 
combined harve3ted acreage of all the crops in the multiple cropping activ-
ity. The yields are calculated as 
where 
MYiijm 
MYT .. 
~Jm 
• Y I i j ( ~ . AC I. ) / . L: ~ . p~~ JP J€m p~~ 
• (YDij p~i ACDjp + Ylij p~i 
(B. 16) 
ACI. 
JP 
(B .17) 
ACijp)/j~ p~i(ACDjp+ ACijp) 
(B. 18) 
i 1' .•• '223 
j those crops included in multiple crop activity m 
p 1, .•• ,3067 and is summed over the numbers included in producing 
area i 
m 1 for the corn grain-oats-corn silage activity, 2 for the 
sorghum grain-sorghum silage activity and 3 for the tame hay 
activity 
MYD .. 
~Jm 
MYI •. 
~Jm 
MYT •. 
~Jm 
is the dryland yield of jth crop in the ith producing 
area for the mth multiple cropping activity; 
is the irrigated yield of the jth crop in the ith 
producing area for the mth multiple cropping activity; 
and 
is the total yield of the jth crop in the ith produc-
tion area for the mth multiple cropping activity. 
The weighted yields are used as the coefficients in the respective activi-
ties adding production to their appropriate rows. For the tame hay activity, 
where the activity includes crops adding to the same row, the individual 
yields are summed to give a combined yield of roughage. 
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Appendix C. Crop Costs 
This appendix explains Ihe derivation of crop costs for the 9 annual 
crops, tame hay and wild hay. Costs used for sugar beets and pasture are 
explained in Part III of this report. 
The crop costs are derived from work of Eyvindson (14) and consist of 
machinery costs, labor costs, fertilizer costs, pesticide costs and mis-
cellaneous costs. Eyvindson estimated costs for each crop for three farm 
size groups, based on the acres of each crop per farm in the econ~ic farm 
size classes as reported in the 1964 Census of Agriculture (186). For 
the present study, these costs are aggregated to one farm size by weights 
reflecting the proportion of the acres of each crop in each of Eyvindson's 
farm size groups and producing areas (186). 
To determine machinery costs and labor requirements for crops, Eyvindson 
first surveyed regional bulletins to determine the most common tillage prac-
tices used for each crop. He also determined the most common size of machin-
ery used on each size of farm. Using these data and regional prices for 
machinery, he calculated machine costs per acre for each crop in each of the 
regions where the crop was grown as determined from the 1964 Census of 
Agriculture (186). He determined machinery costs for each of the crops 
under dryland and irrigated cultivation in each producing area Where the 
repective activities were relevant. Eyvindson used a similar procedure to 
estimate the hours of labor used per acre for each of the crops. 
For purposes of the present study, the hours of labor as estimated by 
Eyvindson are transformed into costs by multiplying by the average state 
farm wage rate in 1964 (173). In calculating the cost of labor, it is 
assumed that the farm owner will receive payment for labor equal to the wage 
paid to hired labor. Given that average labor requirements are used, no 
return to efficient management can be imputed without defining activities 
breaking down the farming practices of each management class. 
For producing areas not included in a water supply region, fertilizer 
costs are calculated from Eyvindson's data. Since Eyvindson assumes all 
farm sizes use the same fertilizer application rates, no weighting of ferti-
lizer costs by the different farm sizes is required. For producing areas in 
1 The 9 crops are corn grain, corn silage, grain sorghum, sorghum silage, 
oats, barley, wheat, cotton and soybeans. 
2 These costs are available from the background work done by Eyvindson 
for his thesis (14). 
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a water supply region, fertilizer application rates are determined from 
fertilizer response work by Ibach and Adams (29). From this source, actual 
pounds of nitrogen, phosphorous and potassium applied per harvested dryland 
and irrigated acre in 1964 were determined for the relevant crops. The 
prices of the elemental fertilizers as estimated by Ibach (28) were used to 
calculate the fertilizer costs per harvested acre for the dryland and irri-
gated activities. 
Pesticide costs, as calculated by Eyvindson (14), are assumed to be 
the same for t~e dryland and irrigated activities of a specific crop. Mis-
cellaneous costs include costs of liming, grain drying and cotton ginning 
and are added to the costs of the relevant crops. Seed costs for cotton, 
silage and hay crops are also included as part of the miscellaneous costs 
of production. Seed requirements for other crops are subtracted from their 
projected yield. 
Crop costs are projected to 2000 assuming nonlabor costs remain con-
stant on a per unit of output basis between the calculated 1964 coefficients 
and the projected coefficients in 2000. In order to maintain this relation-
ship, all nonlabor costs were increased by the ratio of the yields in 2000 
to the average yield from the 1959 and 1964 Census of Agriculture (184, 186). 
The increase in nonlabor cost per acre will reflect the substitution of 
capital for labor and the continuing greater productivity of the marginal 
machine dollar when compared to the marginal labor dollar. 
Labor as a part of real crop cost has been declining rapidly as farmers 
shift to new machinery and agronomic practices. To reflect a continuation 
of this trend, labor costs per acre for each of the crops are assumed to 
decline between 1970 and 2000 ~y the same proportion as they declined during 
the period 1948-50 to 1968-70. 
To transform the crop costs from Eyvindson 157 producing areas to the 
223 producing areas used in the present study, each county in each of 
Eyvindson's producing areas is assumed to have the cost developed for that 
producing area. Costs in each county are then weighted together into the 
223 producing areas as explained in Part III, "crop costs" section. 
For the multiple crop activities (e.g., the corn grain-oats-corn silage 
activity) the aggregate cost for each activity is calculated by the weight-
ing scheme used for the crop yield explained in Appendix B. Finally all costs 
are adjusted from the 1964 price base to 1970 dollars using the index of 
prices paid by farmers. 
3 The percent of the 1964 labor hours required in 2000 is 35 percent 
for cotton, 55 percent for wheat, 40 percent for the feed grains and soy-
beans and 65 percent for the silages and hays. 
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Appendix D. Livestock Coefficients 
The cost per unit of output, the feed requirements and the output 
level are determined for each of four livestock activities in each of the 
producing areas. The four livestock activities include hogs, beef cows, 
beef feeding and dairy. Eyvindson's data (14) are used as the basis for 
defining the initial coefficients for projecting the data for each activity. 
Eyvindson defined six different methods of producing fed beef. Four of 
these activities were based on feeding calves from weaning until fat and 
the other two were based on placing animals on feed after they had been 
grown out in a yearling activity. No data are available indicating the pro-
portions of animals fed under each system, and size restraints on the pro-
gramming model prevented the inclusion of more than one beef feeding activity 
per area. The beef feeding activity selected feeds a high roughage ration 
to the feeder during the early feeding period and a larger proportion of 
concentrates as the weight of the feeder increases. 
Weights are determined to combine Eyvindson's data from the three farm 
sizes. The weights for hogs are based on the number of hogs marketed by 
economic farm class. The weights for beef cows are based on the number of 
beef cows on hand as of January 1, 1964, for each of the economic farm 
classes. The weights for dairy cows are based on the number of dairy ~ows 
on the farm on January 1, 1964, for each of the economic farm classes. 
Weights are calculated for the beef feeding activity based on the number of 
steers and heifers on hand on January 1 not needed for replacement as cal-
culated from the number of steers, heifers and cows reported on the farm 
by the economic farm classes (186). From these weighted coefficients, it 
is apparent that the Midwest and East Coast producing areas would not be 
competitive due to the greater proportion of smaller and less efficient feed-
lots in these areas. Over time those areas that give way to a technological 
advantage will alter their practices tG remain competitive or they will 
change to the production of other products for which they have the compara-
tive advantage. In order to allow some shift in the technology of feed beef 
production it is assumed that by the year 2000 all areas will be feeding 
cattle in lots equivalent to those of Eyvindson's farm size one (his larger 
size operations). 
After weighting Eyvindson's data into aggregate coefficients, except 
for beef feeding, the cost of production is adjusted to reflect labor costs 
and interest charges on capital required for production: 
i 1, ... ,157 
j 1, ... ,4 
m 1, ... ,3067 
1The weights were determined from economic farm class data in the 
1964 Census of Agriculture (186). 
(D.l) 
where 
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C. is the cost per unit of the jth livestock activity in the mth 
Jm county included in the ith Eyvindson producing area; 
L. is the hours of labor required per unit of the jth livestock 
Jm activity in the mth county included in the ith Eyvindson producing 
area; 
w 
m 
r 
m 
FC .. l.J 
is the wage rate per hour in the mth county as determined from 
the state wage rates (173); 
is the interest charge on productive capital in the mth county as 
determined from the interest rate charged on productive capital in 
the respective state (114); and 
is the final cost of the jth livestock activity in the ith 
Eyvindson producing area. 
For added details on livestock coefficients, see Heady, Madsen, Nicol 
and Hargrove (2la). 
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Appendix E. Commodity Transportation 
The availabilities and demands for commodities are defined by consuming 
region. This implies that there is no spatial differentiation among com-
modities produced or demanded in various producing areas within a consuming 
region. Among consuming regions, however, cost of transporting commodities 
is specified. 
Consuming regions are defined using dual criteria: first, the central 
city is a major metropolitan area, and second, the central city is a trans-
portation center. Fox (15) defined 24 such regions which are modified such 
that 27 consuming regions are defined as shown in Figure E.l. The precise 
boundaries of the consuming regions are determined by the boundaries of the 
producing areas included. 
Transportation routes are defined between each pair of contiguous 
consuming regions. The model, then, is basically one of transshipment. Some 
heavily used routes between non-contiguous regions also exist, however, and 
transportation routes are defined to represent some of them. The routes 
used are shown in Heady, Madsen, Nicol and Hargrove (2la). Over each route 
two activities are defined for each commodity--one activity for shipment in 
each direction. 
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Appendix F. Demand Analysis 
The per capita direct demands for corn-sorghum, barley-oats, wheat 
and sugar beets are based on the average 1967 to 1969 use of each. The 
corn-sorghum demand is based on the corn and sorghum use for milling, brew-
ing and cereals. Similar uses are considered when calculating the demand 
for the barley oats commodity and wheat. The per capita consumption level 
of cotton is claculated using the average decline over the past 30 years and 
projecting to 2000 on this basis. The average sugar beet production per 
capita over the 1967 to 1969 period is used as a proxy for the demand for 
sugar. This procedure is used since a large proportion of the sugar consumed 
in the nation is imported from countries producing sugarcane and to assume 
some increase in the proportion of total sugar from sugar beets is not war-
ranted when compared to past trends in the sugar market. 
Per capita consumption levels of beef, pork broilers are determined 
from the price-quantity equations developed by Waugh (222). These equations 
were inverted to give: 
QB - 43.7809 - 0.7697 PB + 0.2786 pp + 0.1076 PBr + 0.0386 y (F .1) 
Qp = 90.1111 0.2786 PB o. 9612 pp + 0.0728 PBr + 0.0032 y (F. 2) 
QBr • 32.0623 + 0.1076 p + 0.0728 pp - 0.4485 p + 0.0023 y (F. 3) B Br 
where 
QB is the beef consumed in pounds per capita in 2000 on a carcass 
weight basis; 
Qp is the pork consumed in pounds per capita in 2000 on a carcass 
basis; 
QBr is the broilers consumed in pounds per capita in 2000 on a ready 
to cook basis; 
PB is the expected price of beef in 20001. ,
pp is the expected price of pork in 20001. ,
PBr is the expected price of broilers in 2oool. , and 
1Prices are an index with 1957 to 1959 100. 
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Y is the projected per capita disposable income in 20002• 
Using the prices assumed to prevail in 2000 and the appropriate level of 
disposable income the equations are solved for the per capita consumption 
levels for the respective quantities (Table 3.8). 
The per capita consumptions of turkey~, mild, eggs and lamb and mutton 
are claculated from equations F.4- F.7: 
where 
2.40871 p -0.43835 QT • e T p 0.19729 t 0.21801 B ( F.4) 
(F.5) 
(F.6) 
(F. 7) 
e6.6301-0.019T 
• e6.00183-0.01264T 
• e5.57087 P -1.9916 P 0.57397 
L B 
y0.36813 t-0.13775 
QT is the turkey consumed in pounds per capita in 2000 on a ready to 
cook basis; 
~ is the dairy products consumed in pounds per capita in 2000 on a 
whole milk equivalent basis; 
e 
PT 
PB 
t 
PL 
y 
is the number of eggs consumed per capita in 2000; 
is the lamb and mutton consumed in pounds per capita in 2000 on a 
carcass weight basis; 
is the base of the natural logarithm; 
is the expected price of turkeys in 20003. 
' 
is the expected price of beef in 20003. 
' 
is time in years after 1947; 
is the expected price of lamb and mutton in 20003· 
' 
and 
is the projected per capita income in 2000. 
2The income used is the disposable per capita income projected by the 
Office of Business Economics (196) with the additional restraint that no 
area will have a disposable income greater than $4,000 in 1957 to 1959 
dollars ($5,400 in 1970 prices). 
3see footnote 1. 
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The per capita consumption levels of turkeys, broilers, lamb and 
mutton, sugar beets and eggs, (Table 18) are multiplied by the projected 
population and adjusted for foreign trade to give the lower bounds on the 
national production activities for the respective commodities. The per 
capita demands for beef, pork and milk are used in the producing area 
population activities to create a demand in the consuming region equal to 
the sum of all the producing areas' population times per capita consumption 
for the commodity in each consuming region. 
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Appendix G. Average Crop Yields and Shadow Prices of Land and Water in 2000 
;., 281 -
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Table G.l. Average dryland and irrigated yields of annual 
crops, hay and pasture in the United States in 
2000. 
Model A Model Al 
Dryland Irrigated Dry land 
Crop Unit yield yield yield 
Corn grain bu./acre 112.0 121.0 112.6 
Corn silage ton/acre 19.1 32.9 19.7 
Grain sorghum bu./acre 73. 4 12 1. 5 7L 7 
Sorghum sila:Je ton/acre 15.6 28.4 15.6 
1ivheat bu./acre 40.0 107.6 40.4 
Oats bu./acre 69.0 8 2. 0 69. 0 
Barley bu./acre 60.0 85.7 61.2 
Soybeans bu./acre 37.6 30.6 37.2 
Sugar beets ton/acre 27.2 48.1 27.2 
Cotton bale/acre 2.2 4.2 2.2 
Tame hay ton/acre 2.5 5.1 2.5 
Wild hay ton/acre 1.1 1.7 1.1 
Imp. & cropland 
oasturcl ton/acre 1.4 2.6 1.4 
0tlwr pasture 1 ton/acre 0.1 0 0.1 
1Tons of hay equivalent. 
unimproved permanent pasture, 
public grazing lands. 
Other pasture includes 
woodland pasture and 
Irrigated 
yield 
124.0 
32.4 
12 0. 7 
28.4 
98.3 
89.2 
76.2 
30.6 
48.1 
4.5 
6.1 
1.8 
2.8 
0 
- 282 -
Model A2 Model A3 Model B 
Dry land Irrigated Dry land Irrigated Dry land Irrigated 
yield yield yield yield yield yield 
113.1 122.9 112.8 119.3 115.9 124.6 
19.9 34.9 20.2 34.7 21.4 32.9 
70.3 117.9 80.4 119.5. 76 • 7 1 21. 3 
15.9 23.4 16.2 23.6 15.8 28.4 
41.0 112.5 41.3 118.2 40.6 110.7 
70.1 94. 7 68.5 8 3. 1 68.7 87. 5 
64.4 63.1 64.7 0 56.9 80.0 
36.5 30.6 36.4 30.6 37.4 0 
27.2 48.1 27.2 48.1 27.2 0 
2.2 4.5 2.1 4.4 2.1 4.5 
2.5 6.1 2.5 7.1 2.9 5.3 
1.1 2.0 1.1 2.6 1.0 1.7 
"1.4 3.1 1.4 3.7 1.4 2.6 
0.1 0 0.1 0 0.1 0 
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Table G .1. (Continued) . 
Model c Model D 
Dryland Irrigated Dryland Irrigated 
Cro:e Unit yield yield yield yield 
Corn grain bu./acre 109.5 114.7 107.8 124.6 
Corn silage ton/acre 16.2 35.1 16.0 32.6 
Grain sorghum bu./ac1e 70.5 1 18. 5 7 6. 9 1 2.7 • 4 
Sorghum silage ton/acre 15.7 27.1 17.0 30.2 
h"'heat bu./acre 39.1 93.0 39.6 93.0 
Oats bu./acre 66. 7 81.5 6 7. 0 91 . 4 
Barley bu./acre 59.7 85.8 57.4 87.0 
Soybeans bu./acre 37.2 42.7 36.3 43.1 
Sugar beets ton/acre 19.2 33.7 27.2 ·40.8 
Cotton bale/acre 1.8 3.0 2.1 3.0 
Tame hay ton/acre 2.4 4.3 2.5 5.0 
1\Tild hay ton/acre 1.1 1.7 1.1 1.7 
Imp. & cropland 
pasturel ton/acre 1.4 2.6 1.4 2.6 
Other pasture1 ton/acre 0.1 0 0.1 0 
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Model E Model F 
Dry land Irrigated Dry land Irrigated 
yield yield yield yield 
111.6 117.4 113.6 127.3 
20.7 34.1 19.4 33.7 
79.7 129.4 80.9 136.7 
15.6 24.1 15.7 29.8 
40.6 104.8 43.1 107.8 
65.3 82.8 65.7 82.5 
56.6 82.4 62.6 81.3 
37.2 0 37.8 31.3 
31.9 47.2 27.5 47.9 
1.9 3.7 2.1 4.4 
2.8 5.2 2.6 5.3 
1.0 1.7 1.1 2.1 
1.4 2.6 1.7 3.9 
0.1 0 0.2 0 
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Table G.8. Shadow prices of alternative land uses in the 18 
river basins with D populatio·n level, present 
water prices, trend technology and a free market 
with insecticide limitation in 2000 (Model E). 
River basin 
United States 
New England 
M. Atlantic 
s. Atlantic-Gulf 
Great Lakes 
Ohio 
Tennessee 
u. Mississippi 
L. Mississippi 
S.-Red-Rainy 
Missouri 
Ark.-White-Red 
Texas-Gulf 
Rio Grande 
U. Colorado 
L. Colorado 
Great Basin 
Col.-N. Pacific 
Cal.-S. Pacific 
Dry land 
hay land 
(dollars 
9.33 
0 
0 
13.11 
10.45 
3.32 
3.54 
11.37 
3.73 
5.01 
11.29 
5.63 
6.93 
8.74 
15.62 
0 
2.04 
8.24 
0 
Dry land 
cropland 
per acre) 
15.38 
20.34 
4.82 
5.29 
15.68 
16.46 
1.23 
24.17 
16.79 
6.49 
13.22 
10.31 
14.92 
15.45 
11.14 
0 
7.53 
22.29 
30.44 
Irrigated 
hay land 
17.52 
0 
0 
0 
0 
0 
0 
0 
0 
0 
16.39 
10.72 
13.39 
18.67 
15.61 
0 
1.46 
19.88 
24.77 
Irrigated 
cropland 
27.90 
0 
0 
0 
0 
0 
0 
0 
0 
0 
34.42 
36.26 
6.54 
20.99 
20.58 
2.17 
11.11 
38.35 
35.60 
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Table G. 9. Shadow prices of a 1 ternati ve land uses in the 18 
river basins with D population level, present 
water prices, trend technology and a free market 
with fragile lands removed in 2000 (Model F). 
River basin 
United States 
New England 
M. Atlantic 
s. Atlantic-Gulf 
Great Lakes 
Ohio 
Tennessee 
U. Mississippi 
L. Mississippi 
S.-Red-Rainy 
Missouri 
Ark.-White-Red 
Texas-Gulf 
Rio Grande 
U. Colorado 
L. Colorado 
Great Basin 
Col.-N. Pacific 
Cal.-S. Pacific 
Dry land 
hay land 
(dollars 
13.47 
0 
0 
7.29 
14.74 
7.28 
7.32 
19.63 
10.71 
11.72 
13.73 
8.62 
9.76 
13.37 
20.31 
0 
7.41 
13.40 
0 
Dry land 
cropland 
per acre) 
23.40 
25.05 
10.22 
12.10 
25.21 
25.13 
17.94 
35.19 
23.37 
13.05 
19.84 
17.30 
22.11 
8.55 
13.54 
15.01 
11.63 
31.97 
39.69 
Irrigated 
hay land 
26.76 
0 
0 
0 
0 
0 
0 
0 
0 
0 
24.10 
12.73 
10.13 
24.18 
20.70 
14.57 
6.40 
31.37 
43.15 
Irrigated 
cropland 
43.32 
0 
0 
0 
0 
0 
0 
0 
0 
0 
57.84 
63.33 
10.95 
40.08 
30.71 
8.18 
18.32 
50.26 
46.68 
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